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Copy for the Elected Office (EO/US) 

P/ ^NT COOPERATION TREAT 



PCT/NZ99/00227 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF THE RECORDING 
OF A CHANGE 

(PCT Rule 92bis.1 and 
Administrative Instructions, Section 422) 


To: 

WEST-WALKER, Gregory, James 
A J Park 

Huddart Parker Building, 6th floor 
1 Post Office Square 
P.O. Box 949 
Wellington 6015 
NOUVELLE-ZELANDE 


Date of mailing (day/month/year) 
12 April 2001 (12.04.01) 


Applicant's or agent's file reference 
25409 MRB 


IMPORTANT NOTIFICATION 


International application No. 
PCT/NZ99/00227 


International filing date (day/month/year) 
23 December 1999 (23.12.99) 



1. The following indications appeared on record concerning: 



[ | the applicant Q the inventor [x] the agent j_j the common representative 



Name and Address 

BENNETT, Michael, Roy 
West-Walker Bennett 
Mobil on the Park 
157 Lambton Quay 
Wellington 
New Zealand 


State of Nationality 


State of Residence 


Telephone No. 
64 4 499 9058 


Facsimile No. 
64 4 499 9306 


Teleprinter No. 


2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 

X the person X the name X the address Q the nationality Q the residence 


Name and Address 

WEST-WALKER, Gregory, James 
A J Park 

Huddart Parker Building, 6th floor 
1 Post Office Square 
P.O. Box 949 
Wellington 6015 
New Zealand 


State of Nationality 


State of Residence 


Telephone No. 
64 4 473-8278 


Facsimile No. 
64 4 472-3358 


Teleprinter No. 



3. Further observations, if necessary: 



4. A copy of this notification has been sent to: 
| X| the receiving Office 
| | the International Searching Authority 
| | the International Preliminary Examining Authority 



| | the designated Offices concerned 
| X| the elected Offices concerned 
| | other: 



The International Bureau of WIPO 
34, chemin des Colombettes 
121 1 Geneva 20, Switzerland 



Facsimile No.: (41-22) 740.14.35 



Authorized officer 

C. Cupetlo 

Telephone No.: (41-22) 338.83.38 



Form PCT/IB/306 (March 1994) 



003964340 
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PCT 

REQUEST 



The undersigned request that the present 

international application be processed 
accordina to the Patent Cooceration Trsarv. 



For rccrivir.i.QrTic; use oni-- 



International Aooiicaiion No. 




NZ 9 9 / 0 ;0 2 2 



. , c ,. n 23 DEC 1999 /^^//S*/ /^^y ' 

[ntirr.atior.al Filing Da:; ty_ ' ' y 



NEW ZEALAND PATENT OFFICE 
PCT INTERNATIONAL APPLICATION 

Name of receiving One: and "PCT International Acolicatiotr 



Applicant's or aaer.t's flic reference 

(if 'desired) (12 characters ma^um) 25409 MRB 



Box No. I TITLE OF INVENTION 
SERINE PROTEASE INHIBITOR 



Box No. n APPLICANT 




THE HORTICULTURE AND FOOD RESEARCH 
INSTITUTE OF NEW ZEALAND LIMITED 
Batchelar Research Centre 
Highway 57 

PALMERSTON NORTH 
New Zealand 



[ | This person is aiso investor 



Tcicshone No. 



Facsimile No. 



Teleprinter No. 



Suite (that is, country) of nationality: 
New Zealand 


Stare (the: is. country) of residence: 
New Zealand 


inis person is applicant [—7] ail designated 
for the purposes of: I J Suits. 


Tl a} 1 d r ~isnaied States except 1 1 the United States 1 1 the Stares indicated in 

J_Ll ^ c united Stales ot America I I of America oniv | | ± z Surnlemer:*! =ar 


Box No. HI FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 



ij*u v c «uiu auu^is. f r amity name /etiowea ov grjen name: Jor a legal entity, full official 
designation. Tne address must include costai'code and name of country. The country of the 
■ aaaress matcatea in this Box is the aocucant s State (the: is. country) of residence if no State 
ct residence is indicated below.) * ' 

SCOTTI, Paul Douglas 
872 West Coast Road 
Waiatarua, Auckland 
New Zealand 



mis person is: 

I I appiicanc only 

I X j applicant and inver.s 

[ I inventor only (If ik\ 
is marked do net fill 



s crzdt-ccz 
in ceicrv.) 



State (itot is. country) of nationality: A 
New Zealand/fUni;^^?^ ta tes 



a 



State (that is. country) of residence 

New Zealand 



>inis person is applicant 
: or the ouraoscs" of: 



□ ill derived | | ai! designated Slucs except HT"! the United States I 1 the Stairs indicated in 
bca:g [ I the United States of America LiU of America only I ! the Surclerr.er.tal 3qx 



/ " [AJ F urtfler applicants and/or (runner) inventors are indicated on a continuation sheeL 



Box No. TV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



ine person identified below is herebyrtias been acoointed to act on behalf 
or the appticant(s) before the competent International Authorities as: 



agent 



□ corr, 



common representative 



Name and address: (Family name followed by gtven name; for a legal ensiry, full official Telephone No. 

The address must include postal code and name of country.) 



designation. 

BENNETT, Michael Roy; WEST-WALKER , Gregory James; 
RUTLEDGE, Sue Moira 
of WEST-WALKER BENNETT 
Mobil on the Park 
157 Lambton Quay 
Wellington 
New Zealand 



+64 4 499 9053 



Facsimile No. 
+64 4 499 9306 



Teleprinter No. 



□ Address for correspondence: Mark this check-box where no agent or common representative is/has been aooointcd and the 
space aoovc j s used instead to indicate a special address to which correspondence should be sent. 



Form PCT/RO/101 (first sheet) (July 1993; reprint January 1999) 



See tVotes to the request for™ 
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Shes: N'o. 



PCT/NZ 9 9 / 0 0 2 2 7 



Co- " <t&eion of Box No. Ill FURTHER APPLICANT(S) AND/OR (FURTHER) INVINTOR(S) 
// none of the follow ing ^^ ^xes is used, this sheet should not be included^^^ 



request. 



Name and address: (Family name followed by given name: far a legal entity, full official 
designation. The adaress must include postal code one name of country. The country of the 
address indicated in this Box is the appucant s State (that is, country) o'f residence if no State 
of residence is indicated below,) 

DEARING, Sally Caroline 
927A Aririmu Road 
Aririmu, Auckland 
New Zealand 



Suit (tha^is. country) of nationality: A A^^- 
New Zealand /UjiJfc-frgTr'lfing d o m"| 



i nis person is: 

| | applicant only 

fx] applicant and inventor 

| | inventor only (if this checkbox 
is marked do not fit in below.) 



State (that is. country) of residence: 
New Zealand 



This person is applicant 
for the purposes of: 



□ 



ail designated 
States 



□ 



ail designated States except 
the United States of America 



the United States 
of America oniv 



□ the States indicated in 
the Suppii~.rr.Lil Box 



State (that is. country) of nationality: 
New Zealand 


State (that is. country) of residence: 

New Zealand 


Tnis person is applicant | r all designated [ — [ ail designated Sates except 

for the purposes of: | States [ | the United States of America 


X 


the United Stares ( j the Stares indicated in 

of America oniv | 1 the Succierr.entai 3ox 



Name and address: (Family name followed by grsen name: for a legal entity, full official 
designation. The address must include oostal'code and name of country. The counrry of the 
adaress indicated in this Box is the appucant 's State (that is. county) of residence if no State 
of residence is indicated below.) 

GREENWOOD, David Roger 
22 Panapa Drive 
St John's Park 
Auckland 
New Zealand 



Tnis person is: 

[ | applicant only 

|X | applicant and inventor 

| | inventor oniy (if this crick-box 
is marked do not fill in below.) 



Name and address: (Family name followed by grsen name: for a legal entity, full official 
designation. The address must include oostai code and name of country. The country of the 
adaress indicated in this Box is the anpCicant s State (that is, country) of residence if no State 
of residence is inaicated below.) 

NEWCOMB, Richard David 
46 Minnehaha Avenue 
Titirangi, Auckland 
New Zealand 



This person is: 

| I applicant only ' 

| X 1 applicant and inventor 

I j inventor only (if this check-box 
is marked, do not fill in below.) 



State (that is, country) of nationality: 
New Zealand 


State (that is. country) of residence: 
New Zealand 


This person is applicant j j all designated ( 1 all designated States excest 

for the purposes of: | \ States | _J the United States of America 


X 


the United States j j the States indicates m 

of America only ( 1 the Sucsiemenoi Box 



Name and aadress: (Family name followed by given name: for a legal entitv, full official 
designation. Tne adaress must include oostai code and name of country Tne country of the 
adaress indicated in this Box is the applicant s State (that is. country) of residence if no State 
of residence is inaicated below.) 



State (that is. country) of nationality: 



This person is: 

| | applicant only 

| | applicant and inventor 

| | inventor only (if this check-box 
is marked do not fill in below.) 



This person is applicant 
for the purposes of: 



State (that is. country) of residence: 



□ all designated ( 1 all desisnattd Sates except I 1 the United Sates | 1 the Sates indicated in 
| ! the United Sates of America | I ot America oniy | | the Supplement Box 



[ I Further applicants and/or (further) inventors are indicated on another continuation sheet. 
Form PCT/"R.O/t01 (continuation sheet) (July 1993; reprint January 1999) 



See Sores to the request form 
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Box No.V DESIGNATION OF STAT 



Shcc: No. 



The following designations are hereby made under Rule 4.9(a) (mark the applicable check-boxes; at least one mus, 
Regional Patent 
A? 



■narked): 



□ 
H3 



AMPO Patent: 
2TVV Zimbabwe, 



: GH Ghana. GM Gambia, K£ Kenya, LS Lesotho, \rw Malawi, SD Sudan. SZ Swaziland. UG Uganda, 
, and any other State which is a Contracting State of the Harare Protocol and of the PCT 
EA Eurasian Patent: AM Armenia, AZ Azerbaijan, BY Belarus, KG Kyrgyzsian, KZ Kazakhstan, MD Recuciic of 
Moldova, RU Russian Federation. TJ Tajikistan, TM Turkmenistan, and any other State which is a Contracting Scat- 
of the Eurasian Patent Convention and of the PCT * * 



S EP European Patent: AT Austria, BE Belgium, CH and LI Switzerland and Liechtenstein, CY Cyprus, DE Gerrrmv 
DK Denmark, ES Spain, FI Finland, FR France, GB United Kingdom, GR Greece, I£ Ireland. IT Italv, LU LuxembourV 
MC Monaco, NL Netherlands, PT Poruigai, St Sweden, and any other State which is a Contracting State of the Eurooe-^ 
Patent Convention and of the PCT ~ y w * 

03 OA OAPI Patent: BF Burkina Faso, BJ 3enin, CF Central A^ican Repubiic. CG Congo. CI Coce d'tvoire, CM Came-oon 
GA Gabon. GN Guinea, GW Guinea- Bissau, ML Mali, MR Mauritania, NE Niger, SN Senegal, TD Chad, TG Togo* and 
any other State which is a member State of 0 .API and a Contracting State of the PCT ff other kind of 'prouczion or r»~en 
desired, speedy on do ced line) 

National Patent (if other hLrd of protection cr treatment desired specify or. dcr.zd line): 



(3 
S 

a 
m 
m 
a 

m 
n 

E 

n 

® 

s 

s 
m 

B 

a 

H 

H 
IE] 

E 

m 

IS 

m 
m 
s 
s 

E 

a 
0 

0 

E 

0 

(3 
C3 



BG 
BR 
BY 
CA 



AL Albania 

AM Armenia 

AT Ausria - 

AU Australia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

BB Barbados 

Bulgaria 

Brazil 

Belarus 

Canada 

CH and LI Switzerland and Liechtenstein 

CN China 

CU Cuba 

CZ Czech Republic 

DE Germany 

DK Denmark 

EE Estonia •. 

ES Spain 

H Finland 

GB United Kingdom 
GD Grenada . 

GE Georgia 

GH Ghana 

GM Gambia 

HCR Croatia 

HU Hungary 

ED Indonesia 

Israel 

India 

Iceland 

Japan 

Kenya 

KG Kyrgyzstan 

KP Democratic People's Republic of Korea 

KR Republic of Korea 

KZ Kazakhstan 

LC Saint Lucia 

LK Sri Lanka 

LR Liberia 



LS 
LT 
LU 
LV 



Lesotho . . . . 
Lithuania 
Luxembourg 
Lacvia 



:onia 



EL 
EN 
IS 
JP 
KE 



El 
G3- 
(3 

a 
s 

E 
H 
S 
H 

m 
m 
0 

0 

0 
0 
m 
0 
0 
s 

0 
® 

m 
m 

B 

0 
0 
a 

0 

® 

(3 
LI 

a 
0 

Check-boxes reserved for designating Stares (for the purposes of 
a national oatent) which have become parcy to the' PCT after 
issuance or this sheet: ,_ wX 



MD Repubiic of Moldova 

EVIG Madagascar 

MK Tne former Yugoslav Republic of Mace 

MA .M.Qr.QC.co 

MN Mongolia 

iW Malawi 

MX Mexico 

NO Norway 

NZ New Zealand 

PL Poland 

PT Portugal 

RO Romania 

RU Russian Federation 

SD Sudan 
SE Sweden 
SG Singapore 

SI Slovenia 

SK Slovakia 

SL Sierra Leone 

TJ Tajikistan 

TM Turkmenistan 

TR Turkey 

TT Trinidad and Tobago 

UA Ukraine 

UG Uganda 

US United States of America 

TZ United . Republic of Tanzania 

UZ Uzbekistan 

VN Viet Nam 

YU Yugoslavia 

ZW Zimbabwe 



.United Arab .Emirates.. (AE) 



Precautionary Designation Statement: In addition to the designations made above, the applicant also makes under Rule 4.9(b) all other 
designations which would be permitted under the PCT except any designanon(s) indicated in the Supplemental Box as being excluded 
from the scope of this statement. The applicant declares that those additional designations are subject to confirmation and that any 
designation which is not confirmed before the expiration of 15 months from the priority date is to be regarded as withdrawn by the applicant 
at the expiration of thai time Limit. (Confirmation of a designation consists of she filing of a notice specifying that designation and the payment of 
the designation and confirmation fees. Confirmation must reach the receiving Office within the 15-month time limit) 



Form PCT/RO/101 (second sheet) (January 1999) 



See iVotes to the request form 
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Box No. VI PRIORITY CLAIM □ Further priority ciaims"3Bfcaccd in the Supplemental Bo^ 



Fiiingdatc 
or" earlier application 
(day/month/year) 


of earlier application 


. -..w.^. vmiiuj ... -».v- ^uyyit.^caui OOX 

Where ear lie^Spli cation is: 


nationaJ application: 
courier/ 


regional application:* 
regional Office 


international application: 
receiving Office 


item (t) 

(23/12/1998) 
23 December 1998 


NZ 33356R 


New Zealand 






item (2) 

(23/07/1999) 
13 Julv 19QQ 


NZ 336906 


New Zealand 







jXj i ne receiving Omce is requested to prepare and transmit to the International Bureau a certified copy 
of the earlier appiication(s) (only if (he earlier application was filed with the Office which for the 
purposes of the present international application is the receding Office) identified above as item(s): ( 1 ) , ( 2 ) 



' tVhere the earlier application is an ARIPO application, it is mandator/ to indicate in the Sua elemental 3 ox at least one counrr/ pern to the Paris 
Convention for the Protection of Industrial Prop err/ for which -hat earlier application wes files (Rule 4J0fo)fii)). See Supplemental 3oz. 



Box No. VII INTERNATIONAL SEARCHING AUTHORITY 



Choice of International Searching Authority (ISA) 
(if two or more International Searching Authorities are 
competent to carry out the international search, indicate 
the Authorir/ chosen: the two-letter code may be used): 

ISA / AU 



Request to use results of earlier search; reference to that search (if an earlier 
search has been carried out by or requested from the International Searching Authorir/); 



Date (day/month/yecr) 



Number 



Country (or regional Office) 



Box No. VIII CHECK LIST; LANGUAGE OF FILING 



Tnis international application contains 
the following number of sheets: 

request : 4 

description (excluding 
sequence listing pan) 

claims 

abstract 

draw in 25 



sequence listing pan 
of description 



23 
3 

1 
4 

8 



Total number of sheets : 43 



Tnis international application is accompanied by the item(s) marked below: 

1 . E & s calculation sheet 

2. □ separate signed power of attorney 

3. □ copy of general power of attorney; reference number, if any: 

4. □ statement explaining lack of signature 

5- □ priority document(s) identified in Box No. VI as item(s): 

6. □ translation of international application into (language): 

7. □ separate indications concerning deposited microorganism or other biological material 

8. [x] nucleotide and/or amino acid sequence listing in computer readable form 

9. □ other '(specify): 



Figure of the drawings which 
should accompany the abstract: 


Language of filing of the 

international application: Language 


Box No. IX SIGNATURE OF APPLICANT OR AGENT 



Vex to each signature, indicaie the name of the person signing and the capacity in which the person signs (if such capacity is not obvious from reading the request). 




MICHAEL ROY BENNETT 
Agent for the Applicant 





I . Date of actual receipt of the purported 
international application: 


2. Drawings: 
| | received: 

1 [ not received: 


3. Corrected date of actual receipt due to later but 
timely received papers or drawings completing 
the purported international application: 


4. Date of timely receipt of the required 
corrections under PCT Article 1 1(2): 


5. International Searching Authority 

(if two or more are competent): loA / 


6. 1 I Transmittal of search copy delayed 
t — 1 until search fee is paid. 



■ For International Bureau use only 

Date of receipt of the record copy 
by the International Bureau: 



Form PCT/RO/lOt (last sheet) (July 1993; reprint January 1999) 



See Notes to the request form 
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TENT COOPERATION TREATY^^I 

PCT W^D20 FEB 2001 

INTERNATIONAL PRELIMINARY EXAMINATION[tyf)P§RT 

(PCT Article 36 and Rule 70) 



PCT 



Applicant's or agent's file reference 
25409 MRB 


FOR FURTHER See Notification of Transmittal of International Preliminary 
ACTION Examination Report (Form PCT/IPEA/4 1 6). 


International Application No. 
PCT/NZ99/00227 


International Filing Date (day/month/year) Priority Date (day/month/year) 
23 December 1999 23 December 1998 


International Patent Classification (IPC) or national classification and IPC 

Int. CI. 7 C07K 14/81; C07H 21/04; C12N 15/66, 15/70, 15/74, 15/79, 15/81, 1/21, 1/19; A61K 38/55, 38/57; A61P 
7/02; A23J 1/04 


Applicant 

THE HORTICULTURE AND FOOD RESEARCH INSTITUTE OF NEW ZEALAND LIMITED et al 



This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

This REPORT consists of a total of 3 sheets, including this cover sheet. 

| | This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority (see 
Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheet(s). 



3. This report contains indications relating to the following items: 
Basis of the report * 



I 


LxJ 


II 


□ 


III 


□ 


IV 


□ 


V 


m 


VI 


m 


VII 


□ 


VIII 


□ 



citations and explanations supporting such statement 



Date of submission of the demand 
13 July 2000 


Date of completion of the report 
21 December 2000 


Name and mailing address of the IPEA/AU 

AUSTRALIAN PATENT OFFICE 
PO BOX 200, WODEN ACT 2606, AUSTRALIA 
E-mail address: pct@ipaustralia.gov.au 
Facsimile No. (02) 6285 3929 


Authorized Officer 
IAN DOVVD 

Telephone No. (02) 6283 2273 



Form PCT/IPEA/409 (Cover sheet) (July 1998) 
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INTERNATIONAL PRELIMIN^itf EXAMINATION REPORT 



tional application No. 
7NZ99/00227 



Basis of the report 



1 . With regard to the elements of the international application:* 
|"x"| the international application as originally filed. 

| | the description, pages , as originally filed, 

pages , filed with the demand, 

pages , received on with the letter of 

| | the claims, pages , as originally filed, 

pages , as amended (together with any statement) under Article 19, 

pages , filed with the demand, 

pages , received on with the letter of 

[ [ the drawings, pages , as originally filed, 

pages , filed with the demand, 
pages , received on with the letter of 
| | the sequence listing part of the description: 

pages , as originally filed 

pages , filed with the demand 

pages , received on with the letter of 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in 
which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 
| | the language of a translation furnished for the purposes of international search (under Rule 23. 1 (b)). 

| | the language of publication of the international application (under Rule 48.3(b)). 

| | the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 
and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, was on the basis of the 
sequence listing: 

|~X~| contained in the international application in written form. 

| | filed together with the international application in computer readable form. 

| | furnished subsequently to this Authority in written form. 

| | furnished subsequently to this Authority in computer readable form. 

| | The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

| | The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished 

4. Qj] The amendments have resulted in the cancellation of: 

| | the description, pages 

| | the claims, Nos. 

| | the drawings, sheets/fig. 

5. This report has been established as if (some of) the amendments had not been made, since they have been considered to 
go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this 
report as "originally filed" and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7). 

** Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this report 



Form PCT/IPEA/409 (Box I) (July 1998) 
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INTERNATIONAL PRELIMH^' EXAMINATION REPORT 



national application No. 
I7NZ99/00227 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; citations 
and explanations supporting such statement 

Statement 
Novelty (N) 



Inventive step (IS) 
Industrial applicability (IA) 



Claims 


1-20, 24 


YES 


Claims 


21-23 


NO 


Claims 


1-20, 24 


YES 


Claims 


21-23 


NO 


Claims 


1-24 


YES 


Claims 




NO 



Citations and explanations (Rule 70.7) 

The Search Report identified the following citations. 

Dl- STN Medline On-line Abstract Accession No. 1999206055 
D2- Chemical Abstracts 130:48310 
D3- STN Medline On-line Abstract Accession No.86220028 
D4- STN Medline On-line Abstract PMID: 2861005 
D5- Chemical Abstracts 94: 62091 
D6- Derwent Abstract Accession No. 87230 
D7- Derwent Abstract Accession No. 94-163935/20 
D8- Derwent Abstract Accession No. 94-163936/20 
D9- Derwent Abstract Accession No.79466 

Dl disclosed sequences of metal-binding proteins (eg. Figs 1 and 7). But these >»^r*?£™ 

to the earlier-mentioned sequences. 

Similar consideration applies with regard to D2. 

Accordingly, the claimed subject matter is novel and involved mventive step in the light of Dl and D2. 
D3 D4 and D5 do not disclosed ammo acid or nucleotide sequences and relate to different mussel spectes. 
Accordmgly, the claimed subject matter » novel and involves inventive step in the light of D3, D4, and D5 
D6-D9 disclosed methods of preparing polypeptide fractions. When once the P^^SfeTu* 

in the light D6-D9. 

The claimed subject matter is industrially applicable because of the purported uses thereof. 



Form PCT/IPEA/409 (Box V) (July 1998) 



( 
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.TENT COOPERATION TREAT 




INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 



To: 

PO Box 1344 
WELLINGTON 
New Zealand 


PCX 

NOTIFICATION OF TRANSMITTAL OF 
INTERNATIONAL PRELIMINARY EXAMINATION 
REPORT 

(PCT Rule 71.1) 


Date of mailing j 

day/month/year 1 3 FEB 2001 


Applicant's or agent's file reference 
25409 MRB 


IMPORTANT NOTIFICATION 


International Application No. 
PCTYNZ99/00227 


International Filing Date 
23 December 1999 


Priority Date 

23 December 1998 


Applicant 

THE HORTICULTURE AND FOOD RESEARCH INSTITUTE OF NEW ZEALAND LIMITED et al 



1 . The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
international preliminary examination report and its annexes, if any, established on the international application. 

2. ' A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication to all the 

elected Offices. 

3. Where required by any of the elected Offices; the International Bureau will prepare an English translation of the report 
(but not of any annexes) and will transmit such translations to those Offices. 



4. REMINDER 



The applicant must enter the national phase before each elected Office by performing certain acts (filing translations and 
paying national fees) within 30 months from the priority date (cr later in some Offices)(Article 39(l))(see also the 
reminder sent by the International Bureau with Form PCT/IB/301). 

Where a translation of the international application must be furnished to an elected Office, that translation must contain a 
translation of any annexes to the international preliminary examination report. It is the applicant's responsibility to 
prepare and furnish such translation directly to each elected Office concerned. 

For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the PCT 
Applicant's Guide 
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International Patent Classification (IPC) or both national classification and IPC 

Int. CI. 7 C07K 14/81, C07H 21/04, C12N 15/66, 15/70, 15/74, 15/79, 15/81, 1/21, 1/19, A61K 38/55, 38/57, A61P 
7/02, A23J 1/04 


Applicant 

THE HORTICULTURE AND FOOD RESEARCH INSTITUTE OF NEW ZEALANDLIMITED et al 



1 . This written opinion is the first drawn by this International Preliminary Examining Authority. 

2. This opinion contains indications relating to the following items:. 
Basis of the opinion 



Lack of unity of invention 

Reasoned statement under Rule 66. 2(a)(ii) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 
Certain documents cited 



The applicant is hereby invited to reply to this opinion. 

When? See the time limit indicated above. The applicant may, before the expiration of that time limit, request this Authority to 
grant an extension, see Rule 66.2(d). 

How? By submitting a written reply, accompanied, where appropriate, by amendments, according to Rule 66.3. 
For the form and the language of the amendments, see Rules 66.8 and 66.9. 

Also For an additional opportunity to submit amendments, see Rule 66.4. 

For the examiner's obligation to consider amendments and/or arguments, see Rule 66.46/5. 
For an informal communication with the examiner, see Rule 66.6. 

If no reply is filed, the international preliminary examination report will be established on the basis of this opinion. 

The final date by which the international preliminary examination report must be established 
according to Rule 69.2 is: 23 April 2001 
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Authorized Officer / 
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WRITTEN OPINION 



Basis of tbe opinion 



I Inte 



International application No. 
T/NZ99/00227 



| [ the description, 



With regard to the elements of the international application:* 
[x] the international application as originally filed. 

pages 
pages 
pages 

pages 
pages 
pages 
pages 
pages 
pages 
pages 



| [ the claims, 



| | the drawings, 



as originally filed, 
filed with the demand, 
received on with the letter of 

as originally filed, 
as amended under Article 19, 
filed with the demand, 
received on with the letter of 
as originally filed, 
filed with the demand, 
received on with the letter of 
| [ the sequence listing part of the description: 

pages , as originally filed 

pages , filed with the demand 

pages , received on with the letter of 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in 
which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language which is: 

| | the language of a translation furnished for the purposes of international search (under Rule 23. 1(b)). 
| | the language of publication of the international application (under Rule 48.3(b)). 

I I the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 
and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the written opinion was 
drawn on the basis of the sequence listing: 

[x"| contained in the international application in printed form. 

| | filed together with the international application in computer readable form. 

| | furnished subsequently to this Authority in written form. 

| | furnished subsequently to this Authority in computer readable form. 

| | The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 

international application as filed has been furnished. 
| | The statement that the information recorded in computer readable form is identical to the written sequence listing has 

been furnished. 

4. Q The amendments have resulted in the cancellation of: 

| | the description, pages 

| | the claims, Nos. 

| | the drawings, sheets/fig. 

5. This opinion has been established as if (some of) the amendments had not been made, since they have been 

. considered to go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)). 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this 
opinion as "originally filed" 
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Ij^Amonai application No. 
PCT/NZ99/00227 



V. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial applicability; 

citations and explanations supporting such statement 



1. Statement 



Novelty (N) 


Claims 


1-20, 24 


YES 




Claims 


21-23 


NO 


Inventive step (IS) 


Claims 


1-20, 24 


YES 




Claims 


21-23 


NO 


Industrial applicability (IA) 


Claims 


1-24 


YES 




Claims 




NO 



2. Citations and explanations 

The Search Report identified the following citations. 

Dl- STN Medline On-line Abstract Accession No. 1999206055 

D2- Chemical Abstracts 130:48310 

D3- STN Medline On-line Abstract Accession No. 86220028 

D4- STN Medline On-line Abstract PMID: 2861005 

D5- Chemical Abstracts 94: 62091 

D6- Derwent Abstract Accession No. 87230 

D7- Derwent Abstract Accession No. 94-163935/20 

D8- Derwent Abstract Accession No. 94-163936/20 

D9- Derwent Abstract Accession No. 79466 

Dl disclosed sequences of metal-binding proteins (eg. Figs 1 and 7). But these sequences are different to those of the 
proteins of the present application in that they do not include any one of the claimed Sequences ID 1 to 5 or has a 
molecular weight of about 55kDa. Moreover, they are from the blue sea mussel Mytilus edulis. While present claim 8 
(vis a-vis claims 9-1 1) is not restricted to any particular species it is restricted to the earlier-mentioned sequences. 

Similar consideration applies with regard to D2. 

Accordingly, the claimed subject matter is novel and involved inventive step in the light of Dl and D2. 

D3, D4 and D5 do not disclosed amino acid or nucleotide sequences and relate to different mussel species. 

Accordingly, the claimed subject matter is novel and involves inventive step in the light of D3, D4, and D5. 

D6-D9 disclosed methods of preparing polypeptide fractions. When once the process of extracting one protein from 
shellfish and mussels is known then applying it to the proteins or peptide fractions from the species Perna canaliculus 
as presently claimed in claims 21-23 is neither novel nor involve inventive step in the light D6-D9. 

The claimed subject matter is industrially applicable because of the purported uses thereof. 
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International application No. 
ij^NZ99/00227 



VL Certain documents cited 


1 . Certain published documents (Rule 70. 10) 

Application No. Publication date 
Patent No. (day/month/year) 


Filing date 

(day/month/year) 


Priority date ( valid claim) 
(day/month/year) 



Dl- STN Medline On-line Abstract Accession No. 1999206055 

Please see comments made in relation to this citation in Box V, previously. 



2. Non-written disclosures (Rule 70.9) 

Kind of non-written disclosure Date of non-written disclosure Date of written disclosure referring to non- 

(day/month/year) written disclosure 
(day/month/year) 
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The demand must be filed directly with t, 
with the one chosen by the applicant. Tlu 



h^^^ei 

Hte^mna 



tent International Preliminary Examining Auu 
'name or two-letter code of that Authority may be 



' inawctet 



ifrwo or more Authorities are competent, 
d by the applicant on the line below: 



IPEA/. 



PCT 

DEMAND 

under Article 31 of the Patent Cooperation Treaty: 
The undersigned requests that the international application specified below be the subject of 
international preliminary examination according to the Patent Cooperation Treaty and 
hereby elects all eligible States (except where otherwise indicated). 



CHAPTER II 



Identification of IPEA 


Date of receipt of DEMAND 


Box No. I IDENTIFICATION OF THE INTERNATIONAL APPLICATION 


Applicant's or agent's file reference ,! 
25409 MRB 


International application No. 
PCT/NZ99/00227 


International filing date (day/month/year) 
23 December 1999 
(23/12/1999) 


(Earliest) Priorirv date (day/month/year) 
23 December 1998 
(23/12/1998) 


Title of invention 
SERINE PROTEASE INHIBITOR 


Box No. II APPLICANT(S) 


Name and address: (Family namefoUowd by gjven name; for a tegalenny,futf official designation. 
The address must include postal code and name of counoy.) 

THE HORTICULTURE AND FOOD RESEARCH 
. INSTITUTE OF NEW ZEALAND LIMITED 
Batchelar Research Centre 
Highway 57 
Palmerston North 
New Zealand 


Telephone No.: 


Facsimile No.: 


Teleprinter No.: 


State (that is, country) of nationality: 
New Zealand 


State (that is, country) of residence: 
New Zealand 


-Name and address: (Family name followed by given name; for a legal entity, full official designation. Tne address must include postal code and name of counoy.) 

SCOTTI, Paul Douglas 
872 West Coast Road 
Waiatarua, Auckland 
New Zealand 


State (that is. country) of nationality: 
New Zealand 


State (that is, country) of residence: 
New Zealand 


Name and address: (Family name followed by given name; for a legal entity, full official designation. The address must include postal code and name of 'counoy.) 

DEARING, Sally Caroline 
927A Aririmu Road 
Aririmu, Auckland 
New Zealand 


State (that is, country) of nationality : 
New Zealand 


State (that is, country) of residence: 
New Zealand 


[X | Further applicants arc indicated on a continuation sheet 
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See Notes to the demand form 
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Sheet No. ..? 


International application No. 
PCT/NZ99/00227 


Continuation of Box No. II APPLICANT(S) 


'If none of the following sub-boxes Is used, this sheet should not be included in the demand 


Name and address: (Family name followed bygtvenname; for a legal entity.Jidl official designation. Tne address must include postclcode cndname of cowry.) 


GREENWOOD, David Roger 
22 Panapa Drive 
St John's Park 
Auckland 
New Zealand 






S tate (that is. country) of nationality: 
New Zealand 


State (that is. country) of residence: 
New Zealand 



Name and address: (Family name followed by given name; for a legal enhry.Jull official designation. Tne address must inchide posial code and name of country.) 

NEWCOMB, Richard David 
46 Minnehaha Avenue 
Titirangi, Auckland 
New Zealand 



State (that is, country) of nationality: 


State (that is. country) of residence: 


New Zealand 


New Zealand 



Name and address: (Family namefotb\<ed by grven name: for a legal eniiry.JUl official designation. The address must inchide postal code and name ofcaunrry.) 



State (that is. country) of nationality: 



State (that is. country) of residence: 



Name and address: (Famfynamefollcwdbygnwinarne;foralegale^ The address must include postal code and name ofcaunrry.) 



State (that is, country) of nationality: 



State (that is, country) of residence: 



[""I Further applicants are indicated on another continuation sheet. 
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International application No. 
PCT/NZ99/00227 



Box No. Ill AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The following person is £x] agent Q common representative 

and [T] has been appointed earlier and represents the applicant(s) also for international preliminary examination. 

I I is hereby appointed and any earlier appointment of (an) agent(s)/common representative is hereby revoked. 

I | ^ hereby appointed, specifically for the procedure before the International Preliminary Examinina Authority, in addition to 
the agent(s)/common representative appointed earlier. 



Name and address: (Family name followed by given name: for a legal entity, full official designation. 
The address must include postal cade and name of country.) 

BENNETT, Michael Roy; RUTLEDGE, Sue Moira 
WEST- WALKER , Gregory James 

of WEST-WALKER BENNETT 
Mobil on the Park 
157 Lambton Quay 
Wellington 
NEW ZEALAND 



Telephone No.: 
64 4 499 9058 



Facsimile No.: 
64 4 499 9306 



Teleprinter No.: 



□ Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and the 
space above is used instead to indicate a special address to which correspondence should be sent 



Box No. IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION 



Statement concerning amendments:* 

I. The applicant wishes the international preliminary examination to start on the basis of: 
1 ^ I the international application as originally filed 
the description ^] as originally filed 

I | as amended under Article 34 

the claims [T] as originally filed 

I I as amended under Article 19 (together with any accompanying statement) 
| | as amended under Article 34 

the drawings [T] as originally filed 

1 | as amended under Article 34 

The applicant wishes any amendment to the claims under Article 19 to be considered as reversed. 

3 * EH a PP* icam wi shes the start of the international preliminary examination to be postponed until the expiration of 20 months 
. from the priority date unless the International Preliminary Examining Authority receives a copy of any amendments made 
under Article 19 or a notice from the applicant that he does not wish to make such amendments (Rule 69.1(d)). (This check- 
box may be marked only where the time limit under Article 19 has not yet expired,) 

Where no check-box is marked, international preliminary examination will start on the basis of the international application 
as originally filed or, where a copy of amendments to the claims under Article 1 9 and/or amendments of the international application 
under Article 34 are received by the International Preliminary Examining Authority before it has begun to draw up a written opinion 
or the international preliminary examination report, as so amended. 



Language for the purposes of international preliminary examination: g HJgX i&Jtl 
fxl which is the language in which the international application was filed. 

□ 

which is the language of a translation furnished for the purposes of international search. 
I I which is the language of publication of the international application. 

I I which is the language of the translation (to be) furnished for the purposes of international preliminary 



examination. 



Box No. V ELECTION OF STATES 



The applicant hereby elects all eligible States (that is, ail States which have been designated and which are bound by Chapter U of 
the PCI) 

excluding the following States which the applicant wishes not to elect: 
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# 



Sheet No. 7. 



International application No. 
PCT/NZ99/00227 



Box No. VI CHECKLIST 



The demand is accompanied by the following elements, in the language referred to in 
Box No. IV, for the purposes of international preliminary examination: 



1. translation of international application 

2. amendments under Article 34 

3. copy (or, where required, translation) of 
amendments under Article 19 

4. copy (or, where required, translation) of 
statement under Article 19 

5. lerter 

6. other (specify) 



For International Preliminary 
Examining Authority use only 





received 


not received 


sheets 


□ 


□ 


sheets 


□ 


□ 


sheets 


□ 


□ 


sheets 


□ 


□ 


sheets 


□ 


□ 


sheets 


□ 


□ 



The demand is also accompanied by the item(s) marked befow: 

1. [X^ fee calculation sheet 

2. separate signed power of attorney 

3. I 1 copy of general power of attorney; 
— reference number, if any: 



4. | | statement explaining lack of signature 

5. I I nucleotide and < 

computer readal 

6. | | other (specify): 



5. I I nucleotide and or amino acid sequence listing in 
computer readable form 



Box No. VH SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE 



Ness to each signature, bidkate the name of the person signing and the capacity in which the person signs Of such capacity is not obvious from reading the demand). 




MICHAEL ROY BENNETT 
Agent for the Applicants 



For International Preliminary Examining Authority use only ■ 



1. Date of actual receipt of DEMAND: 



2. Adjusted date of receipt of demand due 
to CORRECTIONS under Rule 60.1(b): 



3. I — I °^ recc ^P t °f ^ e demand is AFTER the expiration of 1 9 months 

1— I from the priority date and item 4 or 5, below, does not apply. 



□ The applicant has been 
informed accordingly. 



4 I I date of receipt of the demand is WITHIN the period of 19 months from the priority date as extended by virtue of 
' I I Rule 80.5. 



5 I I . Although the date of receipt of the demand is after the expiration of 19 months from the priority date, the delay in arrival 
I — I is EXCUSED pursuant to Rule 82. 



Demand received from IPEA on: 



For Internati nal Bureau use only 
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CHAPTER II 



International 
application No. PCT/NZ99/00227 



FEE CALCULATION SHEET 
Annex to the Demand for international preliminary examination 

— For International Preliminary Examining Authoriry use onlv — _ 



Applicant's or asent's 

file reference " 25409 MRB 



Date stamp of the IPEA 



Applicant 

THE HORTICULTURE AND FOOD RESEARCH INSTITUTE 
OF NEW ZEALAND LIMITED 



Calculation of prescribed fees 



1 . Preliminary examination fee 

2. Handling fee (Applicants from certain States are 
entitled to a reduction of 75% of the handling fee. 
Where the applicant is (or all applicants are) so en- 
titled, the amount to be entered at H is 25% of the 
handling fee.) 

3 . Total of prescribed fees 

Add the amounts entered at P and H 

and enter total in the TOTAL box 



AUD450.00 



AUD238.0Q 



H 



AUD688.00 



TOTAL 



Mode of Payment 

□ authorization to charge deposit 
account with the IPEA (see below) 

1 | cheque 

| | postal money order . 

fx] bank draft 



| | cash 

| | revenue stamps 

| | coupons 

1 1 other (specify): 



Deposit Account Authorization (thismode ofpaymentmaynot be available at all IP EAs) 

The IPEA/ is hereby authorized to charge the total fees indicated above to my deposit account 

□ (this check-box may be marked only if the conditions for deposit accounts of the IPEA so permit) is hereby 
authorized to charge any deficiency or credit any overpayment in the total fees indicated above to 
my deposit account. 



Deposit Account Number 



Date (day/month/year) 



Signature 



Form PCT/IPEA/401 (Annex) (July 1998; reprint January 1999) 
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INT COOPERATION TREATY 

PCT 

INTERNATIONAL SEARCH REPORT 



Applicant's or agent's file reference 
25409 MRB 


FOR FURTHER see Notification of Transmittal of International Search Report 
ACTION (Form PCT/ISA/220) as well as, where applicable, item 5 below. 


International application No. 
PCT/NZ99/00227 


International filing date (day/month/year) 
23 December 1999 


(Earliest) Priority Date (day/month/year) 
23 December 1998 


Applicant 

THE HORTICULTURE AND FOOD RESEARCH INSTITUTE OF NEW ZEALANDLIMITED 



This international search report has been prepared by this International Searching Authority and is transmitted to the applicant according to 
Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of 6 sheets. 

It is also accompanied by a copy of each prior art document cited in this report. 



1. Basis of the report 

a. With regard to the language, the international search was carried out on the basis of the international application in the language in* 
which it was filed, unless otherwise indicated under this item. 

□ the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23. 1(b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was 
carried out on the basis of the sequence listing: 

|X [ contained in the international application in written form. 

j j filed together with the international application in computer readable form. 

j j furnished subsequently to this Authority in written form. 

j j furnished subsequently to this Authority in computer readable form. 

□ the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the international 
application as filed has been furnished. 
I 1 the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
' ' furnished 

2. | | Certain claims were found unsearchable (See Box I). 

3. | | Unity of invention is lacking (See Box II). 

4. With regard to the title, [x | trie text * s approved as submitted by the applicant. 

j j the text has been established by this Authority to read as follows: 

5. With regard to the abstract, Q * e text is approved as submitted by the applicant 

Sthe text has been established, according to Rule 38.2(b), by this Authority as it appears in Box HI. 
The applicant may, within one month from the date of mailing of this international search report, 
submit comments to this Authority. 



The figure of the drawings to be published with the abstract is Figure No. 

j j as suggested by the applicant. 
| j because the applicant failed to suggest a figure 
j | because this figure better characterizes the invention 



None of the figures 
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(11) International Publication Number: 
(43) International Publication Date: 
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(21) International Application Number: PCT/NZ99/00227 
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(54) Title: SERINE PROTEASE INHIBITOR 
(57) Abstract 



The invention provides a protein which exhibits, inter alia, anti-thrombin activity and divalent metal cation binding activity. The 
protein can be readily extracted from the green-lipped mussell, Perna canaliculus, and formulated into foodstuffs, nutraceuticals and the like, 
and has a molecular weight of about 55 kDa and an amino acid sequence which includes one or more of the following: (a) DGEQCNDGQN 
(SEQ ID NO.l), (b) QGGHEVESERVACCVIGRA (SEQ ID NO. 2), (c) GQSHPEIVH (SEQ ID NO. 3), (d) YHGHDDA (SEQ ID NO. 
4), (e) VVNEVHH (SEQ ID NO. 5) 
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SERINE PROTEASE INHIBITOR 



This invention relates to a protein and compositions which contain it. More 
particularly, it relates to a protein which inter alia exhibits activity as a metal cation 
5 binding agent and as an anti-thrombin agent. 

BACKGROUND 

Thrombin is a serine protease involved in blood coagulation. It has specificity for the 
10 cleavage of arginine-lysine bonds as well as cleaving an arginine-threonine bond in 
pro-thrombin, releasing pre-thrombin which is subsequently cleaved to produce 
active thrombin. This active thrombin can then release more thrombin from pro- 
thrombin. In blood clotting and coagulation, thrombin cleaves fibrinopeptide B from 
fibrinogen as well as converting blood factors IX to IXa, V to Va, VIII to Villa and XIII 
15 toXffla. 

Inhibitors of thrombin therefore inhibit coagulation and have application in any 
procedure where coagulation is undesirable. One such application is in the 
collection and storage of blood products. Another is in medicaments for preventing 
20 or reducing coagulation for example in treating or preventing cardiac malfunctions. 

Anti-thrombin agents are known. One example is anti-thrombin III (AT- III). 
However, AT-III is capable of effectively inhibiting thrombin only in the presence of 
heparin. 



The applicants have now identified a novel protein which has a range of activities, 
including anti-thrombin activity, and which when active against thrombin does not 
require heparin as a cofactor. It is towards this protein that the present invention is 
broadly directed. 

30 

SUMMARY OF THE INVENTION 

In a first aspect, the present invention provides an isolated protein which has a 
molecular weight of about 55 kDa and an amino acid sequence which includes one 
or more of the following: 



25 
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(a) 
(b) 
(c) 
(d) 
(e) 



GQSHPEIVH (SEQ ID NO. 3) 
YHGHDDA (SEQ ID NO. 4) 
WNEVHH (SEQ ID NO. 5), 



DGEQCNDGQN (SEQ ID NO. 1) 
QGGHEVESERVACCVIGRA (SEQ ID NO. 2) 



or an active fragment thereof. 

In a further aspect, the invention provides an isolated protein which comprises the 
amino acid sequence of 
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or an active fragment thereof. 

In yet a further aspect, the invention provides an isolated protein which is 
obtainable from the haemolymph of Perna canaliculus which has an apparent 
30 molecular weight of 75 kda determined by PAGE, or an active fragment thereof. 

Conveniently, said protein or fragment has activity as: 



(i) a serine protease inhibitor; or 
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(ii) a divalent cation binding agent. 

The invention further provides a protein which is a functionally equivalent variant of 
a protein or fragment as defined above. 

Still further, the invention provides a protein which is obtainable from a shellfish 
other than Perna canaliculus and which is a functionally equivalent variant of a 
protein or fragment as defined above. 

In another aspect, the invention provides a polynucleotide encoding a protein or 
fragment as defined above. 

The polynucleotide may comprise the nucleotide sequence of 

5 ' GAYGGGGAGCAGTGTAACGATGGGCAGAAC AAAGATGACCACCATGACGA 

CCACCACGATGATCACCATGACGACCATGATGATGATGATGAAACAATGCACT 

ATGCCCAGTGTGAAATGGAACCAAACCCTCATATGGCTAGCAGCCTTCACCA 

CCATGTCCATGGCAGCATAGAGTTGTCACAGAAGGGTCATGGAGCTGTTTAT 

CTAGAACTTCATCTTGTCGGATTCAACACAAGTGAAGACCATGACGACCACCA 

TCATGGACTTCATCTGCACATGCTTGGTGACATGTCAGCAGGTTGTGATTCTA 

TTGGCGAACTGTACAATGCTCACCCAGAAAAACATGCTGACCCTGGTGACCT 

CGGTGACCTGGTTGACGATGATAGGGGCGTGGTTAATGAAGTTCATCATTATG 

CTTGGTTGGACATTGATGGTACAGCACCAAACACCGAAGCTCTCATTGGACA 

CTCAATGACTATTTTACAAGGGAGTCACACCGATGCTGATACCCCAGCCAGTA 

GAATCGCCTGTTGTGTTATTGGTCATGGAAAAGCTCGCCCAGAAACAGCAGC 

TGCTCTACATCACGAGCTAGAGGAAGATAAAACTGAGCATTATGCCCATTGTG 

ACGTAAGATCTAATACACACCAACCAAAGGCTCTTCATCATCATGTCCACGGA 

ACCATCGATTTCAAACAAGTTGGTTATGGTGACCTTGAAGTGTCCTACCATTTA 

GAGGGATTTAATGTAAGTGATGACCACAAAGATCATCTCCATGACGTACAGAT 

CTACGCCAACGGTGACCTGACCAGTGGATGTGATAACCTCGGTGCTAAATAT 

GATCCTCATGAAGATTACCACAGTGAGTTGGGTGATCTAGGAGATATTCACGA 

TGATGACCATGGCGTTGTCAATGAAAGCCACAGATATTCCTGGATCAATATCT 

TCGGTGATGACAGTGTCCTGGGACGTTCTATTGCCATTCACCAAAGAGACCAT 

CTTCATAAAAGTGCCAAAATTGCCTGTTGTGTCATAGGACGTGGACAGAGCCA 

TCCAGAAATTGTTCACAGAGCTAAATGTGTTGTCAGACCTAATACAGAATCTAC 

TGGTTTACATCACCATGTCTCTGGTTCTATAACATTCGAACAGACCCCTGGAG 
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GATCAACACATATGACGGCTGATCTCAAAGGATTTAACGTTAGTGAGGACTTG 
TCACATCATCGTCATGGTGTGCAGCTCCATGAATGGGGAGATATGTCCCATG 
GCTGTCACTCCTTAGGCAGAATGTACCATGGTCATGATGATGCTCATGACCCC 
AAAAGACCTGGTGACCTTGGTGATGTTATAGATGATTCCCATGGCATCGTTCA 
5 TTC AACT AG AAC CTTTG ATC ATCTT AATGTTG AAG ATCTT AAC GC AC GTTC C CT 

TGTGATTATGCAGGGCGGACATGAGGTCGAGAGTGAGAGGGTTGCTTGCTGT 
GTTATAGGACGGGCA (SEQ ID NO. 6) 

or a variant thereof. 

Still further, the invention provides a vector or construct which includes a 
10 polynucleotide as defined above. 

In another aspect, the invention provides a composition which comprises a protein 
or fragment as defined above. 

The composition may be a medicament, a food, a dietary supplement, (optionally 
including the protein associated with or bound to at least one divalent cation of 
15 dietary significance) or a bioremediation agent. 

In still another aspect, the invention provides a process for obtaining a protein as 
defined above which comprises the step of centrifuging material containing Perna 
canaliculus haemolymph or an extract thereof and recovering the sedimented 
protein. 

20 

DESCRIPTION OF THE DRAWINGS 

While the present invention is broadly as defined above, it also includes 
embodiments of which the following description provides examples. In particular, a 
25 better understanding of the present invention will be gained through reference to 
the accompanying drawings in which 

Figure 1: Purification of pernin from mussel haemolymph 

30 a) light-scattering band following centrifugation of P. canaliculus haemolymph 

in CsCl; haemolymph was first centrifuged at low speed to remove 
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haemocytes and then at high speed; the re-suspended pellet was then 
centrifuged in CsCl. 

b) UV absorption profile (254 nm wavelength) from fractionation of the CsCl 
5 gradient; the light- scattering material in figure la appears as a peak. 

c) protein composition in 1 ml fractions of a CsCl gradient following 
electrophoresis in a 12% polyacrylamide gel; the heavily stained (Coomassie) 
bands coincide with the position of the light- scattering and UV-absorbing 

10 regions of the gradient; the molecular weight was approximately 75 kDa as 

compared with polypeptide molecular weight standards (lane 6) (refer Figure 
4a for standards). Lanes 1-5 and 7-9 contained samples from the CsCl 
gradient. 

15 Figure 2: Virus-like particles observed by transmission electron microscopy of 
material in light scattering band in a CsCl gradient. Bar in micrograph represents 
100 nm. 

Figure 3: HPLC elution profile of pernin at 280 nm wavelength purified by CsCl 
20 gradient centrifugation.. 

Figure 4: SDS-PAGE profiles (12% gels) of aggregating protein species from P. 
canaliculus and other shellfish species 

25 a) proteins extracted from whole shellfish and purified as described in 

Materials and Methods: lane 1: molecular weight standards (Bio-Rad, USA) 
:pb phosphorylase B, 97.4 kDa; bsa bovine serum albumin, 66 kDa; ova 
ovalbumin, 45 kDa; ca carbonic anhydrase, 31 kDa; lane 2: Greenshell™ 
mussel P. canaliculus; lane 3: blue mussel Mytilis edulis; lane 4: oyster 

30 Crassostrea gigas; lane 5: pipis Paphies australis. 

b) PAGE analysis of human transferrin (Sigma, USA, MW ca. 80 kDa), a 
glycosylated protein, and pernin from P. canaliculus following treatment with 
endoglycosidase-F: lane 1: untreated transferrin; lane 2: transferrin treated 
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with glycosidase-F; lane 3: untreated pernin lane 4: pernin treated with 
glycosidase-F. 

Figure 5: Activity of P. canaliculus haemolymph protein following centrifugation in a 
5 30 kDa molecular weight exclusion filter for 10 min at 1000 g (Ultrafree-MC filter, 
30,000 MW exclusion, Millipore, USA) 

a) SDS-PAGE profile of haemolymph protein at various stages of purification. 
Lane 1: "crude" haemolymph (haemocytes removed); lane 2: resuspended 
10 pellet after ultracentrifugation of "crude" haemolymph for 80 min at 250,000 

gr, lane 3: pernin retentate; lane 4: filtrate (no proteins evident); lane 5: 
molecular weight markers, (refer Figure 4a); lanes 6,7: 10-fold dilutions of 
samples from lanes 2 and 3. 

15 b) Anti-thrombin activity of 30,000 MW exclusion filter retentate and filtrate. 

con+ = the standard 1/41 dilution of human plasma (i.e. standard 
anti-thrombin III activity); 

con - thrombin with no added plasma (buffer control); filtrate: 
20 material passed through a 30,000 MW exclusion filter; 

retentate: pernin protein retained by exclusion filter. 

DESCRIPTION OF THE INVENTION 

25 As broadly outlined above, in one aspect the present invention provides a novel 
protein. The protein of the invention has an apparent molecular weight of 75 kDa, 
calculated by polyacrylamide gel electrophoresis (PAGE). The molecular weight 
inferred from the gene sequence is approximately 55 kDa. 

30 One specific protein of the invention was initially identified as an extract from the 
New Zealand green lipped mussel P. canaliculus. It is therefore obtainable by 
extraction directly from P. canaliculus. 

This protein has the amino acid sequence of SEQ ID NO. 7. 

35 
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The protein of the invention can include its entire native amino acid sequence or 
can include only parts of that sequence where such parts constitute fragments 
which remain biologically active (active fragments). Such activity will normally be 
as a serine protease inhibitor or a divalent cation binding agent but is not restricted 
5 to these activities. 

The invention also includes within its scope functionally equivalent variants of the 
protein of SEQ ID NO. 7. 

10 The phrase "functionally equivalent variants" recognises that it is possible to vary 
the amino acid of a protein while retaining substantially equivalent functionality. 
For example, a protein can be considered a functional equivalent of another protein 
for a specific function if the equivalent peptide is immunologically cross-reactive 
with and has at least substantially the same function as the original protein. 



The functionally equivalent protein need not be the same size as the original. The 
equivalent can be, for example, a fragment of the protein, a fusion of the protein 
with another protein or carrier, or a fusion of a fragment with additional amino 
acids. It is also possible to substitute amino acids in a sequence with equivalent 
20 amino acids using conventional techniques. Groups of amino acids normally held to 
be equivalent are: 



Polypeptide sequences may be aligned, and percentage of identical amino acids in a 
30 specified region may be determined against another sequence, using computer 
algorithms that are publicly available. The similarity of polypeptide sequences may 
be examined using the BLASTP algorithm. BLASTP software is available on the NCBI 
anonymous FTP server (ftp://ncbi.nlm.nih.gov) under /blast/ executables/. The use 
of the BLAST family of algorithms, including BLASTP, is described at NCBI's website 
35 at URL http: / /www.ncbi.nlm. nih.gov/BLAST/newblast.html and in the publication 



15 



25 



(a) 
(b) 
(c) 
(d) 
(e) 



Ala, Ser, Thr, Pro, Gly; 
Asn, Asp, Glu, Gin; 
His, Arg, Lys; 
Met, Leu, He, Val; and 
Phe, Tyr, Trp. 
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of Altschul, Stephen F., et al (1997), "Gapped BLAST and PSI-BLAST: a new 
generation of protein database search programs 7 ', Nucleic Acids Res. 25:3389-34023. 



The protein of the invention together with its active fragments and other variants 
5 may be generated by synthetic or recombinant means. Synthetic polypeptides 
having fewer than about 100 amino acids, and generally fewer than about 50 amino 
acids, may be generated by techniques well known to those of ordinary skill in the 
art. For example, such peptides may be synthesised using any of the commercially 
available solid-phase techniques such as the Merryfield solid phase synthesis 
10 method, where amino acids are sequentially added to a growing amino acid chain 
(see Merryfield, J. Am. Chem. Soc 85: 2146-2149 (1963)). Equipment for automative 
synthesis of peptides is commercially available from suppliers such as Perkin 
Elmer/ Applied Biosystems, Inc. and may be operated according to the 
manufacturers instructions. 

15 

The protein, or a fragment or variant thereof, may also be produced recombinantly 
by inserting a polynucleotide (usually DNA) sequence that encodes the protein into 
an expression vector and expressing the protein in an appropriate host. Any of a 
variety of expression vectors known to those of ordinary skill in the art may be 

20 employed. Expression may be achieved in any appropriate host cell that has been 
transformed or transfected with an expression vector containing a DNA molecule 
which encodes the recombinant protein. Suitable host cells includes procaryotes, 
yeasts and higher eukaryotic cells. Preferably, the host cells employed are £. coli, 
yeasts or a mammalian cell line such as COS or CHO, or an insect cell line, such as 

25 SF9, using a baculovirus expression vector. The DNA sequence expressed in this 
matter may encode the naturally occurring protein, fragments of the naturally 
occurring protein or variants thereof. 



DNA sequences encoding the protein or fragments may be obtained by screening an 
30 appropriate P. canaliculus cDNA or genomic DNA library for DNA sequences that 
hybridise to degenerate oligonucleotides derived from partial amino acid sequences 
of the protein. Suitable degenerate oligonucleotides may be designed and 
synthesised by standard techniques and the screen may be performed as described, 
for example, in Maniatis et al. Molecular Cloning - A Laboratory Manual, Cold 
35 Spring Harbour Laboratories, Cold Spring Harbour, NY (1989). The polymerase 
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chain reaction (PCR) may be employed to isolate a nucleic acid probe from genomic 
DNA, a cDNA or genomic DNA library. The library screen may then be performed 
using the isolated probe. 

5 Variants of the protein may be prepared using standard mutagenesis techniques 
such as oligonucleotide-directed site specific mutagenesis. 

A specific polynucleotide of the invention has the nucleotide sequence of SEQ ID 
NO. 6 as follows: 

10 5 ' G AYGGGGAGCAGTGTAACGATGGGC AGAAC AAAGATGACC ACC ATGACGA 

CCACCACGATGATCACCATGACGACCATGATGATGATGATGAAACAATGCACT 
ATGCCCAGTGTGAAATGGAACCAAACCCTCATATGGCTAGCAGCCTTCACCA 
CCATGTCCATGGCAGCATAGAGTTGTCACAGAAGGGTCATGGAGCTGTTTAT 
CTAGAACTTCATCTTGTCGGATTCAACACAAGTGAAGACCATGACGACCACCA 

1 5 TC ATGGACTTC ATCTGCAC ATGCTTGGTGAC ATGTCAGC AGGTTGTGATTCTA 

TTGGCGAACTGTACAATGCTCACCCAGAAAAACATGCTGACCCTGGTGACCT 
CGGTGACCTGGTTGACGATGATAGGGGCGTGGTTAATGAAGTTCATCATTATG 
CTTGGTTGGACATTGATGGTACAGCACCAAACACCGAAGCTCTCATTGGACA 
CTCAATGACTATTTTACAAGGGAGTCACACCGATGCTGATACCCCAGCCAGTA 

20 GAATCGCCTGTTGTGTTATTGGTCATGGAAAAGCTCGCCCAGAAACAGCAGC 
TGCTCTACATCACGAGCTAGAGGAAGATAAAACTGAGCATTATGCCCATTGTG 
ACGTAAGATCTAATACACACCAACCAAAGGCTCTTCATCATCATGTCCACGGA 
ACCATCGATTTCAAACAAGTTGGTTATGGTGACCTTGAAGTGTCCTACCATTTA 
GAGGGATTTAATGTAAGTGATGACCACAAAGATCATCTCCATGACGTACAGAT 

25 CTACGCCAACGGTGACCTGACCAGTGGATGTGATAACCTCGGTGCTAAATAT 
GATCCTCATGAAGATTACCACAGTGAGTTGGGTGATCTAGGAGATATTCACGA 
TGATGACCATGGCGTTGTCAATGAAAGCCACAGATATTCCTGGATCAATATCT 
TCGGTGATGACAGTGTCCTGGGACGTTCTATTGCCATTCACCAAAGAGACCAT 
CTTCATAAAAGTGCCAAAATTGCCTGTTGTGTCATAGGACGTGGACAGAGCCA 

30 TCCAGAAATTGTTCACAGAGCTAAATGTGTTGTCAGACCTAATACAGAATCTAC 
TGGTTTACATCACCATGTCTCTGGTTCTATAACATTCGAACAGACCCCTGGAG 
GATCAACACATATGACGGCTGATCTCAAAGGATTTAACGTTAGTGAGGACTTG 
TCACATCATCGTCATGGTGTGCAGCTCCATGAATGGGGAGATATGTCCCATG 
GCTGTC ACTC CTTAGGC AG AATGTAC C ATGGTC ATG ATG ATGCTC ATG ACC C C 

35 AAAAGACCTGGTGACCTTGGTGATGTTATAGATGATTCCCATGGCATCGTTCA 
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TTCAACTAGAACCTTTGATCATCTTAATGTTGAAGATCTTAACGCACGTTCCCT 
TGTGATTATGCAGGGCGGACATGAGGTCGAGAGTGAGAGGGTTGCTTGCTGT 
GTTATAGGACGGGCA. 

5 A further polynucleotide has the sequence of SEQ ID NO. 8 as follows: 

S'GAYGGGGAGCAGTGTAACGATGGGCAGAACAAAGATGACCACCATGACGA 

CCACCACGATGATCACCATGACGACCATGATGATGATGATGAAACAATGCACT 

ATGCCCAGTGTGAAATGGAACCAAACCCTCATATGGCTAGCAGCCTTCACCA 

1 0 CCATGTCC ATGGC AGC ATAG AGTTGTC AC AGAAGGGTC ATGG AGCTGTTTAT 

CTAGAACTTCATCTTGTCGGATTCAACACAAGTGAAGACCATGACGACCACCA 
TCATGGACTTCATCTGCACATGCTTGGTGACATGTCAGCAGGTTGTGATTCTA 
TTGGCGAACTGTACAATGCTCACCCAGAAAAACATGCTGACCCTGGTGACCT 
CGGTGACCTGGTTGACGATGATAGGGGCGTGGTTAATGAAGTTCATCATTATG 

15 CTTGGTTGGACATTGATGGTACAGCACCAAACACCGAAGCTCTCATTGGACA 
CTCAATGACTATTTTACAAGGGAGTCACACCGATGCTGATACCCCAGCCAGTA 
GAATCGCCTGTTGTGTTATTGGTCATGGAAAAGCTCGCCCAGAAACAGCAGC 
TGCTCTACATCACGAGCTAGAGGAAGATAAAACTGAGCATTATGCCCATTGTG 
ACGTAAGATCTAATACACACCAACCAAAGGCTCTTCATCATCATGTCCACGGA 

20 ACCATCGATTTCAAACAAGTTGGTTATGGTGACCTTGAAGTGTCCTACCATTTA 
GAGGGATTTAATGTAAGTGATGACCACAAAGATCATCTCCATGACGTACAGAT 
CTACGCCAACGGTGACCTGACCAGTGGATGTGATAACCTCGGTGCTAAATAT 
GATCCTCATGAAGATTACCACAGTGAGTTGGGTGATCTAGGAGATATTCACGA 
TGATGACCATGGCGTTGTCAATGAAAGCCACAGATATTCCTGGATCAATATCT 

25 TCGGTGATGACAGTGTCCTGGGACGTTCTATTGCCATTCACCAAAGAGACCAT 
CTTCATAAAAGTGCCAAAATTGCCTGTTGTGTCATAGGACGTGGACAGAGCCA 
TCCAGAAATTGTTCACAGAGCTAAATGTGTTGTCAGACCTAATACAGAATCTAC 
TGGTTTACATCACCATGTCTCTGGTTCTATAACATTCGAACAGACCCCTGGAG 
GATCAACACATATGACGGCTGATCTCAAAGGATTTAACGTTAGTGAGGACTTG 

30 TCACATCATCGTCATGGTGTGCAGCTCCATGAATGGGGAGATATGTCCCATG 
GCTGTCACTCCTTAGGCAGAATGTACCATGGTCATGATGATGCTCATGACCCC 
AAAAGACCTGGTGACCTTGGTGATGTTATAGATGATTCCCATGGCATCGTTCA 
TTCAACTAGAACCTTTGATCATCTTAATGTTGAAGATCTTAACGCACGTTCCCT 
TGTGATTATGCAGGGCGGACATGAGGTCGAGAGTGAGAGGGTTGCTTGCTGT 

35 GTTATAGGACGGGCATGAATAACCTCACTAGAGTGACTTTGTCTAACATGACA 
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ATT AAC AATTGT AT AACTTC G CT AAAAAATAAAAC AATG AC AC AATG N AAAAAA 
AAAAAAAAAAAAAAAAAAAAAAAAAAAA3' 

with TGA being the opal stop codon and AATAAA the polyadenylation signal. 

5 

Variants or homologues of the above polynucleotide sequences also form part of the 
present invention. Polynucleotide sequences may be aligned, and percentage of 
identical nucleotides in a specified region may be determined against another 
sequence, using computer algorithms that are publicly available. Two exemplary 

10 algorithms for aligning and identifying the similarity of polynucleotide sequences are 
the BLASTN and FASTA algorithms. The BLASTN software is available on the NCBI 
anonymous FTP server (ftp://ncbi.nlm.nih.gov) under / blast /execu tables/. The 
BLASTN algorithm version 2.0.4 [Feb-24-1998], set to the default parameters 
described in the documentation and distributed with the algorithm, is preferred for 

15 use in the determination of variants according to the present invention. The use of 
the BLAST family of algorithms, including BLASTN, is described at NCBI's website at 
URL http: / /www.ncbi.nlm. nih.gov/BLAST/newblast. html and in the publication of 
Altschul, Stephen F, et al (1997). "Gapped BLAST and PSI-BLAST: a new generation 
of protein database search programs", Nucleic Acids Res. 25:3389-3402. The 

20 computer algorithm FASTA is available on the Internet at the ftp site 
ftp://ftp.virginia.edu.pub/fasta/. Version 2.0u4, February 1996, set to the default 
parameters described in the documentation and distributed with the algorithm, is 
preferred for use in the determination of variants according to the present invention. 
The use of the FASTA algorithm is described in the W R Pearson and D.J. Lipman, 

25 "Improved Tools for Biological Sequence Analysis," Proc. Natl Acad. Sci. USA 
85:2444-2448 (1988) and W.R. Pearson, "Rapid and Sensitive Sequence Comparison 
with FASTP and FASTA," Methods in Enzymology 183:63-98 (1990). 

All sequences identified as above qualify as "variants" as that term is used herein. 

30 

Variant polynucleotide sequences will generally hybridize to the recited 
polynucleotide sequence under stringent conditions. As used herein, "stringent 
conditions" refers to prewashing in a solution of 6X SSC, 0.2% SDS; hybridizing at 
65°C, 6X SSC, 0.2% SDS overnight; followed by two washes of 30 minutes each in 
35 IX SSC, 0.1% SDS at 65°C and two washes of 30 minutes each in 0.2X SSC, 0.1% 
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SDS at 65°C. Such hybridizable sequences include those which code for the 
equivalent protein from sources (such as shellfish) other than P. canaliculus. 

While the above synthetic or recombinant approaches can be taken to produce the 
5 protein of the invention, it is however practicable (and indeed presently preferred) to 
obtain the protein by isolation from P. canaliculus. This reflects the applicants' 
finding that the protein is the dominant protein of the haemolymph of P. canaliculus 
and also that the protein is self-aggregating. It can therefore be isolated in 
commercially significant quantities direct from the mussel itself. For example, 
10 approximately 2 mg of the protein can be obtained per ml of haemolymph. 

Once obtained, the protein is readily purified if desired. This will generally involve 
centrifugation in which the self- aggregating nature of the protein is important. 
Other approaches to purification (eg. chromatography) can however also be followed. 

15 

Furthermore, if viewed as desirable, additional purification steps can be employed 
using approaches which are standard in this art. These approaches are fully able to 
deliver a highly pure preparation of the protein. 

20 Once obtained, the protein and/or its active fragments can be formulated into a 
composition. The composition can be, for example, a therapeutic composition for 
application as a pharmaceutical, or can be a health or dietary supplement. Again, 
standard approaches can be taken in formulating such compositions. 

25 Still further, the composition can be a food in which the protein and/ or its active 
fragments are included. This can occur by adding the protein to a pre-prepared 
foodstuff, or incorporating the protein into a step of the manufacturing process for 
the food. 

30 The invention will now be described more fully in the following experimental section 
which is provided for illustrative purposes only. 
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EXPERIMENTAL 

Section 1 

5 A. Materials and Methods 

A.1 Shellfish: Perna canaliculus (the New Zealand green-lipped mussel; the 
Greenshell™ mussel) were obtained at retail supermarket outlets or from 
mussel farmers directly; other shellfish species were obtained from retail 
10 outlets except for the blue mussel Mytilis edulis which was supplied by 

Sanford's Fisheries (Havelock, New Zealand). 

A.2 Extracts: Mussel extracts were prepared by homogenising whole, shucked 
mussels (up to 120 mm length) in a commercial food processor with the 

15 addition of 0.02 M sodium phosphate buffer, pH 7.2. Dichloromethane (1/2 

volume) was mixed with the aqueous extract, centrifuged at low speed (6000 
rpm, GSA rotor, Sorvall RC-5B centrifuge at 4 °C). Polyethylene glycol (PEG) 
(MW 6000) was added to the aqueous phase to a final concentration of 10% 
(w/v) and NaCl to 0.5 M and stirred at 4-6 °C overnight. Following low speed 

20 centrifugation the PEG-precipitate was resuspended in approximately 1/10 

volume of sodium phosphate buffer. After another cycle of low-speed 
centrifugation the supernatant was centrifuged at high speed (50,000 rpm 
in a Beckman 60Ti rotor at 4 °C for 60-80 minutes). The resultant pellet was 
resuspended in a small volume of phosphate buffer and clarified by low 

25 speed centrifugation. 

A.3 Polyacrylamide gel electrophoresis: 12% polyacrylamide gels (8 xlO cm; 1 
mm thick) were cast using a prepared stock solution according to the 
manufacturer's instructions (40% acrylamide/bis solution 37.5:1, Bio-Rad, 

30 USA); commercially available 12% gels (Bio-Rad, USA) were also used. 

Samples (10 pi) were applied to lanes and the gels run at 160 V using a 
standard Tris/ Glycine /SDS buffer (Bio-Rad, catalogue 161-0732) until the 
bromphenol blue marker reached the bottom of the gel. Gels were stained 
with BM Fast Stain Coomassie® (Boehringer Mannheim, Germany) and 

35 destained as per the manufacturer's instructions. 
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A.4 Glycosylation test: Samples were treated with N-glycosidase F (PNGase F 
from Flavobacterium meningosepticum; Boehringer Mannheim Biochemica, 
Germany) according to the manufacturer's directions. Treated and 
5 untreated samples were run in a standard 12% polyacrylamide gel. 

A.5 Isopycnic gradients: CsCl (Boehringer Mannhein, Germany) solutions 
were prepared in 0.1 M sodium phosphate buffer, pH 7.2 and filtered 
through a 0.22 ^im membrane (Acrodisc, Gelman Sciences, USA) to clarify. 

10 Two step gradients (1.25 g/cc top layer containing the sample and 1.45 g/cc 

bottom layer) were prepared as described by Scotti (1985) and centrifuged 
for approximately 17 hours at 20 °C in a Beckman 70Ti rotor at 30,000 rpm. 
The resultant gradient was fractionated by inserting a 100 pi glass capillary 
tube into the gradient and slowly pumping out the contents. UV absorbance 

15 was monitored by passing through a Uvicord spectrophotometer (LKB 

Produkter, Sweden). Fractions were collected and the refractive indices 
measured using an Abbe refractometer (Bellingham and Stanley, UK) and 
the density estimated using regression equations according to the method 
of Scotti (1985). 

20 

A.6 Porous glass chromatography: Controlled pore glass (CPG 240-80, Sigma 
Chemical Co., USA) was treated according to the suppliers directions. A 1 
cm x 100 cm column (Bio-Rad, USA) was prepared. Samples (1-2 ml) were 
loaded onto the column and eluted with 0. 1 M sodium phosphate buffer, pH 
25 7.2, through a Uvicord spectrophotometer, fractions being collected at 

regular intervals. 

A. 7 Estimation of protein concentration: Concentrations were estimated 
using a bovine serum albumin standard (Blot Qualified BSA, Promega, USA) 
30 by UV absorption according to the method of Layne (1957) using the 

equation: mg/ml protein = 1.55*A2so - 0.76*A260- Alternatively, 
concentration was estimated by the Bradford reaction using reagent 
supplied by Bio-Rad (USA) at a wavelength of 620 nm.. 
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A. 8 High performance liquid chromatography: Reversed-phase HPLC was 

performed on an HP 1050 Ti-series HPLC (Hewlett Packard, USA) fitted with 
an analytical 300 A Vydac C-18 column, 25 cm x 4.6 mm i.d.. The 10 pi 
sample in water was eluted with a 0-100% acetonitrile in water (v/v) 
5 gradient over 60 min and the absorption at 2 18 and 280 nm was recorded. 

B. Results 

A light-scattering band was seen after centrifugation of extracts of whole 

10 Greenshell™ mussels in CsCl gradients (Figures la and lb). The density of this 
band was estimated at 1.368 g/cc. A minor band was sometimes observed at 
approximately 1.390 g/cc. If rebanded in CsCl the 1.390 band yielded two bands - 
one at 1.390 g/cc and a second at 1.368 g/cc. SDS-PAGE analysis of fractions of 
either density gave similar polypeptide profiles with a single major band. The 

15 molecular weight of the protein by PAGE was estimated as 75,000 (75 kDa) (Figure 
lc). Several minor bands of higher molecular weight and an additional minor band 
of 45 kDa were also seen. The main band (called pernin) at 75 kDa was always at 
great excess compared to the minor bands. When material from the light- scattering 
material from CsCl gradients were examined by electron microscopy, particles 

20 resembling those of "empty" small RNA viruses were seen (Figure 2). However a UV 
wavelength scan (data not shown) indicated that little, if any, nucleic acid was 
present and that the particles were mainly composed of protein. HPLC showed the 
CsCl band to be composed almost solely of a single species of protein (Figure 3). 
Since HPLC indicated a high degree of purity, the higher molecular weight 

25 polypeptides are presumed to be multimers of pernin. It is likely that the minor, 
lower molecular weight band is degraded pernin. 

Chromatography, on a CPG 240-80 column, of semi-purified extracts, or of material 
banded in CsCl, showed that the majority of pernin was eluted in the exclusion 

30 volume using low molarity phosphate or Tris buffer as the eluent. In contrast, a 
protein of similar size, bovine serum albumin (68 kDa), was included in the column 
matrix. It appears, therefore, that pernin does aggregate into large, particle-like 
structures under certain conditions as suspected from the particles seen in Figure 
2. HPLC confirmed that pernin from P. canaliculus obtained by CPG chromatography 

35 was highly purified. Aggregating protein species were also detected in extracts of 
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other shellfish: the blue mussel Mytilis eduKs, the oyster Crassostrea gigas, and 
New Zealand pipis Paphies austrcdis but not in scallops Pecten novaezealandiae. 
These polypeptides were lower in molecular weight than pernin (Figure 4a). The 
pernin from P. canaliculus is N-glycosylated as shown by a reduction in molecular 
5 weight when treated with endoglycosidase-F before PAGE (Figure 4b). 



The yield of pernin from whole mussel extractions averaged about 200 ng/mussel. 
Improved yields of pernin were obtained by extracting haemolymph directly from live 
P. canaliculus. A small notch was made in the shell using a triangular file and a 30 

10 gauge needle inserted into the posterior adductor muscle. From 1 to 5 ml of 
haemolymph can be withdrawn easily. The haemolymph was spun at low speed 
(wlOOO cf) to remove haemocytes and the resulting supernatant processed by 
ultracentrifugation, for example at 250,000 g for 40 minutes, followed by either CPG 
chromatography eluting with 0.1 M sodium phosphate buffer, pH 7.2, or isopycnic 

15 banding in CsCl in phosphate buffer. The pernin obtained in this way appeared no 
different than that purified from whole mussels and had the advantage of a 30-fold 
average increase in yield from each mussel. Haemolymph contained around 2 
mg/ml (average -5-6 mg/ mussel) of pernin which is by far the most predominant 
polypeptide species (Figure 5a). The time to purify pernin was reduced from about 5 

20 days to 1 day. 



25 



Microsequencing of the N-terminal region and internal fragments generated by 
chemical and enzymatic cleavage from purified pernin was performed and generated 
the following sequences of cleavage fragments: 



(a) DGEQCNDGQN 

(b) QGGHEVESERVACCVIGRA 

(c) GQSHPEIVH 

(d) YHGHDDA 
30 (e) WNEVHH. 



These sequences code for amino acids as follows: 
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A 


alanine 


C 


cystine 


D 


aspartic acid 


E 


glutamic acid 


F 


phenylalanine 


G 


glycine 


H 


histidine 


I 


isoleucine 


K 


lysine 


L 


leucine 


M 


methionine 


N 


asparagine 


P 


proline 


Q 


glutamine 


R 




s 


serine 


T 


threonine 


V 


valine 


w 


tryptophan 


Y 


tyrosine 



The sequence data was then compared with amino acid sequences in searchable 
computer data bases. Some sequences were found to be of particular interest: 

25 

a) a 10 amino acid residue sequence from the N-terminus of pernin 
(sequence (a) above) showed only homology with an 8 base anti-thrombin protein 
sequence from terrestrial leeches (data from US Patent 5,455,181 Oct 3, 1995: 
sequence 10). 

30 

Perna canaliculus pernin 2 GEQCNDGQ 9 
matching amino acids G+ CNBGQ 

leech anti-thrombin 5 GQSCNDGQ 12 



35 



identities: 6/8 (75%) positives: 7/8 (87%); 

a +" indicates an equivalent amino acid; 

the bolded numerals indicate amino acid position 
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b) An internal cleavage product (sequence (b) above) was shown to be have 
homology to the Cu-Zn class of proteins known as "SODs" (superoxide dismutases). 



Each of fragments (a) to (e) are part of the larger pernin amino acid sequence: 

5 



1 


DGEQCND6QN 


KDDHHDDHHD 


DHHDDHDDDD 


ETMH YAQCEM 


EPNPHMAS S L 


5 


HHHVHGS I EL 


S QKGHGAVYL 


ELHLVGFNTS 


EDHDDHHHGL 


HL HML GDMSA 


0 


GCDS IGELYN 


AHPEKHADPG 


DLGDLVDDDR 


GVVNEVHH YA 


WLD I DGTAPN 


5 


TEALIGHSMT 


I LQGSHTDAD 


T PASRI ACCV 


I GHGKAR PET 


AAALHHELEE 


20 


DKTEHYAHCD 


VRSNTHQP K A 


LHHHVHGT I D 


FKQVGYGDLE 


VS YHLEGFNV 


25 


SDDHKDHLHD 


VQI YANGDLT 


SGCDNL GAK Y 


DPHEDYHSEL 


GDLGDIHDDD 


30 


HGVVNESHRY 


SWINI FGDDS 


VLGRS IAIHQ 


RDHLHKS AKI 


ACCVIGRGQS 


35 


HPEI VHRAKC 


VVRPNTESTG 


LHHHVSGS I T 


FEQTPGGSTH 


MTADLKGFNV 


40 


S EDLSHHRHG 


VQLHEWGDMS ' 


HGCHS LGRMY 


HGHDDAHDPK 


RPGDLGDVI D 


45 


DSHGIVHSTR 


T FDHLNVEDL 


NARSLVIMQG 


GHEVESERVA 


CCVIGRA 



(Bold characters indicate directly sequenced fragments (a) to (e)). 
10 Section 2 

Anti-thrombin Activity 

The possibility that pernin could function as an anti-thrombin agent was examined 
15 in a kinetic assay for thrombin inhibition. 

Thrombin inhibition assay 

Kinetic assays were done using an Accucolor™ Antithrombin III kit (catalogue no. 

20 CRS105, Sigma Diagnostics, USA) with the reagents prepared according to the 
supplier's directions. Standard plasma was supplied by Instrumentation 
Laboratories (Italy) and used at the recommended dilution of 1/41. Samples of 
purified mussel protein in water were diluted 9/10 by adding 10X Sigma sample 
buffer. Heparin was purchased from Instrumentation Laboratories. Thrombin 

25 activity was estimated colorimetrically at 405 nm using a chromogenic substrate (H- 
D-HHT-L-Ala-L-Arg-pNa.2AcOH, catalogue no. A 8058, Sigma, USA) and a Multiskan 
Biochromatic plate reader (Labsystems, Finland) 

This verified that pernin had inhibitory activity. When a purified preparation of 
30 pernin was centrifuged through a 30,000 MW exclusion filter (Figure 5a), all the 
anti-thrombin activity was in the retentate and no detectable activity was present in 
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the filtrate (Figure 5b). The standard serum was diluted 1/41 as recommended for 
this assay system; the pernin concentration was not determined directly but was in 
the 1 mg/ml range. From this kinetic data pernin inhibition was estimated to be 
about 50% of the level of human plasma (approximately 1 mg/ml pernin diluted 
5 9/10 compared with the 1/41 plasma dilution in the standard ATII1 assay system). 
Heparin, a co-factor required for ATIII inhibition of thrombin, was not required for 
inhibitory action by pernin. 

Metal Binding Activity 

10 

Hi Trap® Chelating affinity columns (Amersham Pharmacia Biotech, 1ml size) were 
prepared according to the manufacturer's instructions. The columns were then 
charged with either 0.1M cupric chloride or zinc chloride before equilibrating in a 
buffer (0.050M sodium phosphate and 0.5M sodium chloride containing 0.5mM 

15 imidazole, pH 7.0). Protein samples purified using CsCl centrifugation were 
suspended in this buffer and applied to the column using a chromatographic system 
(Econo System, Bio-Rad Laboratories, USA). Following washing of the column for 5 
mins with buffer during which no protein appeared in the eluate, a linear gradient 
over 20 min at 1 ml/min was used to develop the column using buffer with the 

20 imidazole concentration at lOOmM from 0-100%. The protein eluted into the 
gradient being retained longer on the copper chelation column than the zinc. The 
absorption of the eluate was monitored at 254nM. 

Divalent metal ion content of the CsCl purified protein was determined by dissolving 
25 the protein in water at 10 mg/ml and analysing metal content by both atomic 
absorption and plasma emission spectrometry by comparison with a water blank. 
There was no significant divalent cation content in the protein purified by this 
method. However, purification by other methods not employing chaotropic agents 
like CsCl, the high content of histidine coupled with acidic amino acid residues and 
30 the likely origin of this protein from a SOD precursor, points to pernin having 
endogenous metal ions as part of its native structure. 
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Section 3 

Gene Sequencing Method 

5 A suite of non-specific primers called pUZ5 was synthesised by Gibco-BRL for the 
initial sequencing based on the N-terminal sequence of pernin. The general formula 
was: 

GAY GGN GAR CAR TGY AAY GAY GGN CAR AA 

10 

Where Y represents a pyrimidine base, R represents a purine base and N represents 
any one of the four nucleotide bases. Sequencing was done, initially using pUZ5 
and an oligo-dT based "bottom stand" primer from PCR amplified cDNA. 
Sequencing was done by dye-termination cycle sequencing using "BigDye* prism 
15 technology (Applied Biosystems Incorporated, USA) according to their instructions. 
Products were resolved on an ABI 377 automated sequencer. Following the initial 
sequencing of approximately 500 base pairs pernin- specific primers were 
constructed and used to complete the sequencing of the pernin gene. 

20 This provided the following: 

GAYGGGGAGCAGTGTAACGATGGGCAGAACAAAGATGACCACCATGACGACCACCACGATGATCA 
CCATGACGACCATGATGATGATGATGAAACAATGCACTATGCCCAGTGTGAAATGGAACCAAACC 
CTCATATGGCTAGCAGCCTTCACCACCATGTCCATGGCAGCATAGAGTTGTCACAGAAGGGTGAT 

2 5 GGAGCTGTTTATCTAGAACTTC ATCTTGTCGGATTCAACACAAGTGAAGACCATGACGACCACC A 
TCATGGACTTCATCTGCACATGCTTGGTGACATGTCAGCAGGTTGTGATTCTATTGGCGAACTGT 
ACAATGCTCACCCAGAAAAACATGCTGACCCTGGTGACCTCGGTGACCTGGTTGACGATGATAGG 
GGCGTGGTTAATGAAGTTCATCATTATGCTTGGTTGGACATTGATGGTACAGCACCAAACACCGA 
AGCTCTCATTGGACACTCAATGACTATTTTACAAGGGAGTCACACCGATGCTGATACCCCAGCCA 

30 GTAGAATCGCCTGTTGTGTTATTGGTCATGGAAAAGCTCGCCCAGAAACAGCAGCTGCTCTACAT 
CACGAGCTAGAGGAAGATAAAACTGAGCATTATGCCCATTGTGACGTAAGATCTAATACACACCA 
ACCAAAGGCTCTTCATCATCATGTCCACGGAACCATCGATTTCAAACAAGTTGGTTATGGTGACC 
TTGAAGTGTCCTACCATTTAGAGGGATTTAATGTAAGTGATGACCACAAAGATCATCTCCATGAC 
GTACAGATCTACGCCAACGGTGACCTGACCAGTGGATGTGATAACCTCGGTGCTAAATATGATCC 

35 TCATGAAGATTACCACAGTGAGTTGGGTGATCTAGGAGATATTCACGATGATGACCATGGCGTTG 
TCAATGAAAGCCACAGATATTCCTGGATCAATATCTTCGGTGATGACAGTGTCCTGGGACGTTCT 
ATTGCCATTCACCAAAGAGACCATCTTCATAAAAGTGCCAAAATTGCCTGTTGTGTCATAGGACG 
TGGACAGAGCCATCCAGAAATTGTTCACAGAGCTAAATGTGTTGTCAGACCTAATACAGAATCTA 
CTGGTTTACATCACCATGTCTCTGGTTCTATAACATTCGAACAGACCCCTGGAGGATCAACACAT 
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ATGACGGCTGATCTCAAAGGATTTAACGTTAGTGAGGACTTGTCACATCATCGTCATGGTGTGCA 
GCTCCATGAATGGGGAGATATGTCCCATGGCTGTCACTCCTTAGGCAGAATGTACCATGGTCATG 
ATGATGCTCATGACCCCAAAAGACCTGGTGACCTTGGTGATGTTATAGATGATTCCCATGGCATC 
GTTCATTCAACTAGAACCTTTGATCATCTTAATGTTGAAGATCTTAACGCACGTTCCCTTGTGAT 
5 TATGCAGGGCGGACATGAGGTCGAGAGTGAGAGGGTTGCTTGCTGTGTTATAGGACGGGCATGAA 
TAACCTCACTAGAGTGACTTTGTCTAACATGACAATTAACAATTGTATAACTTCGCTAAAAAATA 
AAACAATGAC ACAATGNAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA . 

Discussion 

10 

The present invention is a novel protein obtainable from Perna canaliculus, the 
New Zealand green-lipped (Greenshell™) mussel. The protein appears to be able to 
self-aggregate in structures resembling small virus like particles (VLPs) 
approximately 25 nm in diameter but lacking any nucleic acid. The protein was 

15 found in extracts of whole mussels and appears to be the predominant protein in 
haemolymph. The molecular weight of the protein was estimated to be 75 kDa by 
PAGE and inferred to be 55 kDa from its polynucleotide encoding sequence but, 
because of its ability to aggregate, the protein can be sedimented by 
ultracentrifugation in a short time (e.g. 40 minutes at 250,000 g) whereas the 

20 monomeric protein would not. Each ml of haemolymph yields, on the average, about 
2 mg of pernin. Haemolymph is easily obtained by withdrawing fluid from the 
posterior adductor muscle of the shellfish which can yield up to 5 ml without 
obvious harm; it is not necessary to kill the mussel. The haemolymph obtained not 
only contains high levels of pernin but is quite free of contaminating materials, 

25 particularly compared with whole mussel extracts, so purification of pernin is 
simple. For highly pure preparations of pernin, ultracentrifugation is followed by 
isopycnic banding in a suitable density gradient medium such as CsCl. 

The sequence of the N-terminus of pernin suggested that the protein might have 
30 anti-thrombin activity. This was demonstrated in kinetic assays on purified pernin. 
Since thrombin is a serine protease, pernin also acts as a serine protease inhibitor. 

Comparison of the sequences obtained from several cleavage fragments against 
amino acid sequences in a computer database suggest that in addition to the anti- 
35 thrombin activity of pernin, the protein also possesses other activities. One of these 
is the ability to bind divalent cations such as Zn 2+ and Cu 2+ . 
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INDUSTRIAL APPLICATION 

The preferred protein of the invention, pernin, has a number of utilities. 

5 

Because of its anti-thrombin activity pernin is potentially useful as an anti- 
coagulant agent. Thrombin normally acts as a protease which converts fibrinogen in 
the blood to fibrin. Blood coagulation is counteracted by inhibitors, normally anti- 
thrombin III (ATIII); pernin has also been shown to inhibit thrombin activity in an 
10 ATIII assay system. In contrast to ATIII, whose action is accelerated by the presence 
of heparin (a sulphated mucopolysaccharide) pernin does not require heparin as a 
co-factor. 

The pernin protein from P. canaliculus thus has value as a pharmaceutical. Since it 
15 is active as an anticoagulant in its native state it may also be useful as a natural 
therapeutic agent or health supplement. It is readily obtained as a natural product 
in high concentrations from mussel haemolymph. To obtain a highly pure 
preparation it is necessary only to remove haemocytes by centrifugation (or any 
other suitable method) followed by either ultracentrifugation (since pernin forms 
20 aggregates which readily sediment) and resuspension, isopycnic banding in a 
suitable medium such as CsCl, exclusion filtration through a suitable membrane 
which retains pernin, or chromatography through a medium such as controlled pore 
glass of suitable porosity. The result is a highly pure preparation of pernin. 

25 The mussel P. canaliculus produces large amounts of the protein naturally, with 
little cost or effort involved in production, processing or purification. 

A further utility of the protein arises from the fact that pernin can be stripped of 
divalent cations (for example by CsCl isopycnic banding, or pH variation). This 
30 allows for the addition of divalent cations of choice (such as Mg+ + , Cd ++ , Zn ++ or Ca ++ ) 
to the metal stripped pernin. Such a protein, with a modified and pre-selected 
divalent cation loading, has application in the food and nutraceutical industries. 

The ability to bind divalent metal cations also gives rise to applications of the 
35 protein in bioremediation and/ or cation recovery processes. The divalent cations 
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can be present as contaminants or pollutants in, for example, a solution, and the 
solution passed by a substrate to which the protein is bound so that the cations are 
extracted. 

5 Yet a further utility arises from the fact that the protein is "self-aggregating", and 
can form into structures resembling empty virus-like particles of approximately 
25 nm in diameter. These empty virus-like particles are able to sequester other 
molecules inside them, with the consequent ability to function as delivery vehicles 
for those other molecules. Examples of molecules able to be delivered in this 
10 manner include pharmaceutically active compounds. 

Those persons skilled in the art will understand that the above description is 
provided by way of illustration only and that the invention is limited only by the 
appended claims. 

15 
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CLAIMS: 



1 . An isolated protein which has a molecular weight of about 55 kDa and an 
amino acid sequence which includes one or more of the following: 

5 (a) SEQ ID NO. 1 

(b) SEQ ID NO. 2 

(c) SEQ ID NO. 3 

(d) SEQ ID NO. 4 

(e) SEQ ID NO. 5 

10 or an active fragment thereof. 

2. An isolated protein which comprises the amino acid sequence of SEQ ID 
NO. 7, or an active fragment thereof. 

3. An isolated protein which is obtainable from the haemolymph of Perna 
canaliculus which has an apparent molecular weight of 75 kDa determined 

15 by PAGE, or an active fragment thereof. 

4. A protein or fragment as claimed in any one of claims 1 to 3 which has 
activity as: 

(i) a serine protease inhibitor; or 

(ii) a divalent cation binding agent. 

20 5. A protein or fragment as claimed in claim 4 which has activity as a serine 

protease inhibitor. 

6. A protein or fragment as claimed in claim 4 which has activity as a divalent 

cation binding agent. 



7. A protein which is a functionally equivalent variant of a protein or fragment 

25 as claimed in 5 or 6. 
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8. A protein which is obtainable from a shellfish other than Perna canaliculus 
and which is a functionally equivalent homologue of a protein or fragment 
as claimed in claim 5 or 6. 

9. A polynucleotide encoding a protein or fragment as claimed in any one of 
5 claims 1 to 8. 

10. A polynucleotide as claimed in claim 9 which comprises the nucleotide 
sequence of SEQ ID NO. 6 or a variant thereof. 

11. A polynucleotide which has the nucleotide sequence of SEQ ID NO. 8. 

12. A vector which includes a polynucleotide as claimed in any one of claims 9 
10 to 11. 

13. A host cell which expresses a polynucleotide as claimed in any one of claims 
9 to 11. 

14. A composition which comprises a protein or fragment as claimed in any one 
of claims 1 to 8. 

15 15. A composition as claimed in claim 14 which is a medicament. 

16. A composition as claimed in claim 14 which is a food. 

17. A composition as claimed in claim 14 which is a dietary supplement. 

18. A dietary supplement as claimed in claim 17 in which said protein or 
fragment is associated with or bound to at least one divalent cation of 

20 dietary significance. 

19. A dietary supplement as claimed in claim 18 wherein said divalent metal 
cation is calcium, magnesium or zinc. 

20. A composition as claimed in claim 14 which is a bioremediation agent. 

21. A process for obtaining a protein as claimed in claim 3 which comprises the 
25 step of centrifuging material containing Perna canaliculus haemolymph or 

an extract thereof and recovering the sedimented protein. 
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26 

22. A process as claimed in claim 21 wherein said centrifuging step is 
ultracentrifugation . 

23. A process as claimed in claim 22 wherein said ultracentrifugation is 
performed for about 40 minutes at about 250,000g. 

5 24. A process as claimed in any one of claims 21 to 23 which includes the 
preliminary step of extracting haemolymph from Perna canaliculus. 
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SEQUENCE LISTING 

<110> The Horticulture and Food Research Institute of Ne 

<120> Serine Protease Inhibitor 

<130> 25409 MRB 

<140> 
<141> 

<150> NZ 336906 
<151> 1999-07-23 

<160> 8 

<170> Patentln Ver . 2.1 

<210> 1 
<211> 10 
<212> PRT 

<213> Perna canaliculus 
<400> 1 

Asp Gly Glu Gin Cys Asn Asp Gly Gin Asn 
1 5 10 
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<210> 2 
<211> 19 
<212> PRT 

<213> Perna canaliculus 
<400> 2 

Gin Gly Gly His Glu Val Glu Ser Glu Arg Val Ala Cys Cys Val He 
1 5 10 15 . 

Gly Arg Ala 



<210> 3 
<211> 9 
<212> PRT 

<213> Perna canaliculus 



1 
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<400> 3 

Gly Gin Ser His Pro Glu He Val His 
1 5 



<210> 4 
<211> 7 
<212> PRT 

<213> Perna canaliculus 
<400> 4 

Tyr His Gly His Asp Asp Ala 
1 5 



<210> 5 
<211> 7 
<212> PRT 

<213> Perna canaliculus 
<400> 5 

Val Val Asn Glu Val His His 
1 5 



<210> 6 
<211> 1491 
<212> DNA 

<213> Perna canaliculus 

<220> 

<221> CDS 

<222> (1) . . (1491) 

<400> 6 

gay ggg gag cag tgt aac gat ggg cag aac aaa gat gac cac cat gac 48 

Asp Gly Glu Gin Cys Asn Asp Gly Gin Asn Lys Asp Asp His His Asp 
1 5 10 15 

gac cac cac gat gat cac cat gac gac cat gat gat gat gat gaa aca 96 
Asp His His Asp Asp His His Asp Asp His Asp Asp Asp Asp Glu Thr 
20 25 30 

atg cac tat gcc cag tgt gaa atg gaa cca aac cct cat atg get age 144 
Met His Tyr Ala Gin Cys Glu Met Glu Pro Asn Pro His Met Ala Ser 
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35 40 45 

age ctt cac cac cat gtc cat ggc age ata gag ttg tea cag aag ggt 192 
Ser Leu His His His Val His Gly Ser He Glu Leu Ser Gin Lys Gly 
50 55 60 

cat gga get gtt tat eta gaa ctt cat ctt gtc gga ttc aac aca agt 240 
His Gly Ala Val Tyr Leu Glu Leu His Leu Val Gly Phe Asn Thr Ser 
65 70 75 80 

gaa gac cat gac gac cac cat cat gga ctt cat ctg cac atg ctt ggt 288 
Glu Asp His Asp Asp His His His Gly Leu His Leu His Met Leu Gly 
85 90 95 

gac atg tea gca ggt tgt gat tct att ggc gaa ctg tac aat get cac 33 6 
Asp Met Ser Ala Gly Cys Asp Ser He Gly Glu Leu Tyr Asn Ala His 
100 105 110 

cca gaa aaa cat get gac cct ggt gac etc ggt gac ctg gtt gac gat 384 
Pro Glu Lys His Ala Asp Pro Gly Asp Leu Gly Asp Leu Val Asp Asp 
115 120 125 

gat agg ggc gtg gtt aat gaa gtt cat cat tat get tgg ttg gac att 432 
Asp Arg Gly Val Val Asn Glu Val His His Tyr Ala Trp Leu Asp He 
130 135 140 

gat ggt aca gca cca aac acc gaa get etc att gga cac tea atg act 480 
Asp Gly Thr Ala Pro Asn Thr Glu Ala Leu He Gly His Ser Met Thr 
145 150 155 160 

att tta caa ggg agt cac acc gat get gat acc cca gec agt aga ate 528 
He Leu Gin Gly Ser His Thr Asp Ala Asp Thr Pro Ala Ser Arg He 
165 170 175 

gec tgt tgt gtt att ggt cat gga aaa get cgc cca gaa aca gca get 57 6 
Ala Cys Cys Val He Gly His Gly Lys Ala Arg Pro Glu Thr Ala Ala 
180 185 190 

get eta cat cac gag eta gag gaa gat aaa act gag cat tat gec cat 624 
Ala Leu His His Glu Leu Glu Glu Asp Lys Thr Glu His Tyr Ala His 
195 200 205 

tgt gac gta aga tct aat aca cac caa cca aag get ctt cat cat cat 672 
Cys Asp Val Arg Ser Asn Thr His Gin Pro Lys Ala Leu His His His 
210 215 220 

gtc cac gga acc ate gat ttc aaa caa gtt ggt tat ggt gac ctt gaa 720 
Val His Gly Thr He Asp Phe Lys Gin Val Gly Tyr Gly Asp Leu Glu 
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225 230 235 240 

gtg tec tac cat tta gag gga ttt aat gta agt gat gac cac aaa gat 7 68 
Val Ser Tyr His Leu Glu Gly Phe Asn Val Ser Asp Asp His Lys Asp 
245 250 255 

cat etc cat gac gta cag ate tac gec aac ggt gac ctg acc agt gga 816 
His Leu His Asp Val Gin lie Tyr Ala Asn Gly Asp Leu Thr Ser Gly 
260 265 270 

tgt gat aac etc ggt get aaa tat gat cct cat gaa gat tac cac agt 8 64 
Cys Asp Asn Leu Gly Ala Lys Tyr Asp Pro His Glu Asp Tyr His Ser 
275 280 285 

gag ttg ggt gat eta gga gat att cac gat gat gac cat ggc gtt gtc 912 
Glu Leu Gly Asp Leu Gly Asp lie His Asp Asp Asp His Gly Val Val 
290 295 300 

aat gaa age cac aga tat tec tgg ate aat ate ttc ggt gat gac agt 9 60 
Asn Glu Ser His Arg Tyr Ser Trp lie Asn lie Phe Gly Asp Asp Ser 
305 310 315 320 

gtc ctg gga cgt tct att gee att cac caa aga gac cat ctt cat aaa 1008 
Val Leu Gly Arg Ser lie Ala lie His Gin Arg Asp His Leu His Lys 
325 330 335 

agt gec aaa att gec tgt tgt gtc ata gga cgt gga cag age cat cca 1056 
Ser Ala Lys He Ala Cys Cys Val He Gly Arg Gly Gin Ser His Pro 
340 345 350 

gaa att gtt cac aga get aaa tgt gtt gtc aga cct aat aca gaa tct 1104 
Glu He Val His Arg Ala Lys Cys Val Val Arg Pro Asn Thr Glu Ser 
355 360 365 

act ggt tta cat cac cat gtc tct ggt tct ata aca ttc gaa cag acc 1152 
Thr Gly Leu His His His Val Ser Gly Ser He Thr Phe Glu Gin Thr 
370 375 380 

cct gga gga tea aca cat atg acg get gat etc aaa gga ttt aac gtt 1200 
Pro Gly Gly Ser Thr His Met Thr Ala Asp Leu Lys Gly Phe Asn Val 
385 390 395 400 

agt gag gac ttg tea cat cat cgt cat ggt gtg cag etc cat gaa tgg 1248 
Ser Glu Asp Leu Ser His His Arg His Gly Val Gin Leu His Glu Trp 
405 410 415 

gga gat atg tec cat ggc tgt cac tec tta ggc aga atg tac cat ggt 1296 
Gly Asp Met Ser His Gly Cys His Ser Leu Gly Arg Met Tyr His Gly 
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420 425 430 

cat gat gat get cat gac ccc aaa aga cct ggt gac ctt ggt gat gtt 1344 

His Asp Asp Ala His Asp Pro Lys Arg Pro Gly Asp Leu Gly Asp Val 
435 440 445 

ata gat gat tec cat ggc ate gtt cat tea act aga acc ttt gat cat 1392 

lie Asp Asp Ser His Gly lie Val His Ser Thr Arg Thr Phe Asp His 
450 455 460 

ctt aat gtt gaa gat ctt aac gca cgt tec ctt gtg att atg cag ggc 1440 

Leu Asn Val Glu Asp Leu Asn Ala Arg Ser Leu Val lie Met Gin Gly 
465 470 475 480 

gga cat gag gtc gag agt gag agg gtt get tgc tgt gtt ata gga egg 1488 

Gly His Glu Val Glu Ser Glu Arg Val Ala Cys Cys Val lie Gly Arg 

485 490 495 



gca 
Ala 



1491 



<210> 7 
<211> 497 
<212> PRT 

<213> Perna canaliculus 
<400> 7 

Asp Gly Glu Gin Cys Asn Asp Gly Gin Asn Lys Asp Asp His His Asp 
15 10 15 

Asp His His Asp Asp His His Asp Asp His Asp Asp Asp Asp Glu Thr 
20 25 30 

Met His Tyr Ala Gin Cys Glu Met Glu Pro Asn Pro His Met Ala Ser 
35 40 45 

Ser Leu His His His Val His Gly Ser lie Glu Leu Ser Gin Lys Gly 
50 55 60 

His Gly Ala Val Tyr Leu Glu Leu His Leu Val Gly Phe Asn Thr Ser 
65 70 75 80 

Glu Asp His Asp Asp His His His Gly Leu His Leu His Met Leu Gly 
85 90 95 

Asp Met Ser Ala Gly Cys Asp Ser lie Gly Glu Leu Tyr Asn Ala His 
100 105 110 
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Pro Glu Lys His Ala Asp Pro Gly Asp Leu Gly Asp Leu Val Asp Asp 
115 120 125 

Asp Arg Gly Val Val Asn Glu Val His His Tyr Ala Trp Leu Asp lie 
130 135 140 

Asp Gly Thr Ala Pro Asn Thr Glu Ala Leu lie Gly His Ser Met Thr 
145 150 155 160 

lie Leu Gin Gly Ser His Thr Asp Ala Asp Thr Pro Ala Ser Arg lie 
165 170 175 

Ala Cys Cys Val lie Gly His Gly Lys Ala Arg Pro Glu Thr Ala Ala 
180 185 190 

Ala Leu His His Glu Leu Glu Glu Asp Lys Thr Glu His Tyr Ala His 
195 200 205 

Cys Asp Val Arg Ser Asn Thr His Gin Pro Lys Ala Leu His His His 
210 215 220 

Val His Gly Thr lie Asp Phe Lys Gin Val Gly Tyr Gly Asp Leu Glu 
225 230 235 240 

Val Ser Tyr His Leu Glu Gly Phe Asn Val Ser Asp Asp His Lys Asp 
245 250 255 

His Leu His Asp Val Gin lie Tyr Ala Asn Gly Asp Leu Thr Ser Gly 
260 265 270 

Cys Asp Asn Leu Gly Ala Lys Tyr Asp Pro His Glu Asp Tyr His Ser 
275 280 285 

Glu Leu Gly Asp Leu Gly Asp lie His Asp Asp Asp His Gly Val Val 
290 295 300 

Asn Glu Ser His Arg Tyr Ser Trp lie Asn lie Phe Gly Asp Asp Ser 
305 310 315 320 

Val Leu Gly Arg Ser lie Ala He His Gin Arg Asp His Leu His Lys 
325 330 335 

Ser Ala Lys He Ala Cys Cys Val He Gly Arg Gly Gin Ser His Pro 
340 345 350 

Glu He Val His Arg Ala Lys Cys Val Val Arg Pro Asn Thr Glu Ser 
355 360 365 
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Thr Gly Leu His His 
370 

Pro Gly Gly Ser Thr 
385 

Ser Glu Asp Leu Ser 
405 

Gly Asp Met Ser His 
420 

His Asp Asp Ala His 
435 

lie Asp Asp Ser His 
450 

Leu Asn Val Glu Asp 
465 

Gly His Glu Val Glu 
485 

Ala 



His Val Ser Gly Ser 
375 

His Met Thr Ala Asp 
390 

His His Arg His Gly 
410 

Gly Cys His Ser Leu 
425 

Asp Pro Lys Arg Pro 
440 

Gly He Val His Ser 
455 

Leu Asn Ala Arg Ser 
470 

Ser Glu Arg Val Ala 
490 



He Thr Phe Glu Gin Thr 
380 

Leu Lys Gly Phe Asn Val 
395 400 

Val Gin Leu His Glu Trp 
415 

Gly Arg Met Tyr His Gly 
430 

Gly Asp Leu Gly Asp Val 
445 

Thr Arg Thr Phe Asp His 
460 

Leu Val He Met Gin Gly 
475 480 

Cys Cys Val He Gly Arg 
495 



<210> 8 
<211> 1611 
<212> DNA 

<213> Perna canaliculus 
<220> 

<221> polyA_signal 
<222> (1557) . . (1563) 

<220> 

<221> misc_feature 
<222> (1492) . . (1494) 
<223> Opal stop codon 

<400> 8 

gayggggagc agtgtaacga tgggcagaac 

gatcaccatg acgaccatga tgatgatgat 

gaaccaaacc ctcatatggc tagcagcctt 



aaagatgacc accatgacga ccaccacgat 60 
gaaacaatgc actatgccca gtgtgaaatg 120 
caccaccatg tccatggcag catagagttg 180 
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tcacagaagg gtcatggagc tgtttatcta gaacttcatc ttgtcggatt caacacaagt 240 
gaagaccatg acgaccacca tcatggactt catctgcaca tgcttggtga catgtcagca 300 
ggttgtgatt ctattggcga actgtacaat gctcacccag aaaaacatgc tgaccctggt 3 60 
gacctcggtg acctggttga cgatgatagg ggcgtggtta atgaagttca tcattatgct 420 
tggttggaca ttgatggtac agcaccaaac accgaagctc tcattggaca ctcaatgact 480 
attttacaag ggagtcacac cgatgctgat accccagcca gtagaatcgc ctgttgtgtt 540 
attggtcatg gaaaagctcg cccagaaaca gcagctgctc tacatcacga gctagaggaa 600 
gataaaactg agcattatgc ccattgtgac gtaagatcta atacacacca accaaaggct 660 
cttcatcatc atgtccacgg aaccatcgat ttcaaacaag ttggttatgg tgaccttgaa 720 
gtgtcctacc atttagaggg atttaatgta agtgatgacc acaaagatca tctccatgac 780 
gtacagatct acgccaacgg tgacctgacc agtggatgtg ataacctcgg tgctaaatat 840 
gatcctcatg aagattacca cagtgagttg ggtgatctag gagatattca cgatgatgac 900 
catggcgttg tcaatgaaag ccacagatat tcctggatca atatcttcgg tgatgacagt 960 
gtcctgggac gttctattgc cattcaccaa agagaccatc ttcataaaag tgccaaaatt 102 0 
gcctgttgtg tcataggacg tggacagagc catccagaaa ttgttcacag agctaaatgt 1080 
gttgtcagac ctaatacaga atctactggt ttacatcacc atgtctctgg ttctataaca 1140 
ttcgaacaga cccctggagg atcaacacat atgacggctg atctcaaagg atttaacgtt 1200 
agtgaggact tgtcacatca tcgtcatggt gtgcagctcc atgaatgggg agatatgtcc 1260 
catggctgtc actccttagg cagaatgtac catggtcatg atgatgctca tgaccccaaa 1320 
agacctggtg accttggtga tgttatagat gattcccatg gcatcgttca ttcaactaga 13 80 
acctttgatc atcttaatgt tgaagatctt aacgcacgtt cccttgtgat tatgcagggc 1440 
ggacatgagg tcgagagtga gagggttgct tgctgtgtta taggacgggc atgaataacc 1500 
tcactagagt gactttgtct aacatgacaa ttaacaattg tataacttcg ctaaaaaata 1560 
aaacaatgac acaatgnaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa a 1611 
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Box m TEXT OF THE ABSTRACT (Continuation of item 5 of the first sheet) 
ABSTRACT 

The invention provides a protein which exhibits, inter alia, anti-thrombin activity and divalent metal cation binding 
activity. The protein can be readily extracted from the green-lipped mussell, Perna canaliculus, and formulated into 
foodstuffs, nutraceuticals and the like, and has a molecular weight of about 55 kDa and an amino acid sequence 
which includes one or more of the following: 

(a) DGEQCNDGQN (SEQ ID NO. 1) 

(b) QGGHEVESERVACCVIGRA (SEQ ID NO.2) 

(c) GQSHPEIVH (SEQIDNO.3) 

(d) YHGHDDA (SEQ ID NO.4) 

(e) WNEVHH (SEQ ID NO.5) 
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